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(54) TlUe: METHOD FOR INDUCING DEATH OF NEOPLASTIC CELLS USING PIPERAZINE OXIRANE DERIVATIVES 



(57) Abstract 



Use of a piperazine compound of formula (I) or a pharma- 
ceutically acceptable salt thereof in the preparation of a medica- 
ment for inducing cell death in neoplastic cells as a primary 
chcmothcrapeutic agent, or for potentiating chemotherapy to treat 
multidrug-resistant neoplastic cells, where R' is hydroxyl, Cl- 
4 alkoxyl. Cl-4 alkylcarbonyloxymethoxyl, phenyl CI -2 alky- 
lamino group. 2.5-pyrrolidinedione-l-alkoxyI(Cl-4). or formula 
(II) wherein X* is a chemical bond or CI -2 alkylene. X^ is hydro- 
gen or cart)Oxyl forming a 5-mcmbercd ring with X' when X* is 
methylene, X^ is hydrogen or CI -2 alkyl. X^ is hydrogen or CI -2 
alkyl. or X^ and X^ together form a 5-membered ring, in which 
at least one of X^. X^. and X^ is hydrogen. R^ is C3-4 alkyl. R^ 
is Cl-4 alkyl. formulae (III). (IV) or (V) in which n is an integer 
of 0 to 3. 




(Q 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Armenia 


GB 


United Kingdom 


MW 


Malawi 


AT 


Austria 


GE 


Georgia 


MX 


Mexico 


AU 


Ausmdia 


GN 


Guinea 


NE 


Niger 


BB 


Bartwdos 


GR 


Greece 


NL 


Netherlands 


BE 


Belgium 


HU 


Hungary 


NO 


Norway 


BF 


Burkina Faso 


IE 


Ireland 


NZ 


New Zealand 


BG 


Bulgaria 


IT 


(Uly 


PL 


Poland 


BJ 


Benin 


JP 


Japan 


PT 


Portugal 


BR 


Brazil 


KE 


Kenya 


RO 


Romania 


BY 


Belarus 


KG 


Kyigystan 


RU 


Russian Federation 


CA 


Canada 


KP 


Democratic People's Republic 


SD 


Sudan 


CF 


Centra] African Republic 




of Korea 


SE 


Sweden 


CO 


Congo 


KR 


Republic of Korea 


SG 


Singapore 


CH 


Switzerland 


KZ 


Kazakhstan 


SI 


Slovenia 


CI 


COte d'lvoirc 


LI 


Liechtenstein 


SK 


Slovakia 


CM 


Cameroon 


LK 


Sri Lanka 


SN 


Senegal 


CN 


China 


LR 


Liberia 


sz 


Swaziland 


CS 


Czechoslovakia 


LT 


Lithuania 


TD 


Chad 


CZ 


CzjtcYi Republic 


LU 


Luxembourg 


TG 


Togo 


D£ 


Gennany 


LV 


Latvia 


TJ 


Tajikistan 


DK 


Denmark 


MC 


Monaco 


XT 


Trinidad atKl Tobago 


EE 


Estonia 


MD 


Republic of Mokiova 


UA 


UVrainc 


ES 


Spain 


MG 


MadagascAT 


UG 


Ugiuida 


Fl 


Finland 


ML 


Mali 


US 


United States of America 


FR 


France 


MN 


Mongolia 


uz 


Uzbekistan 


GA 


Gabon 


MR 


Mauritania 


VN 


Viet Nam 



wo 97/26881 1- PCT/US97/01231 

METHOD FOR INDUCING DEATH OF NEOPLASTIC CELLS USING PIPERAZINE OXIRANF 
DERIVATIVES. 

BACKfiROUWD 

Field of the Invention 

This invention relates to a method for inducing death of neoplastic cells and potentiating chemotherapy to 
treat neoplastic cells, and particutarty to such a method for acthrating programmed cell death of neoplastic cells and 
reversing multidrug resistance in neoplastic cells, using ptperazine derhrathres. This invention also relates to use of 
the piperazine derivatives in the preparation of medicanrants. 
Background of the Art 

Certain epoxide compounds are known as pharmacologically acthre compounds in a variety of pharmaceutical 
fields, including in the field of cancer treatment. Numerous epoxide compounds have been synthesized for various 
purposes. For example. United States Patent Nos. 4,507,297 and 4,598,803 to Masaki et al. disclose piperazine 
derivatives having an epoxide group including NCO-700 used for the purpose of mhibrting myocardial infarction. 
United States Patent No. 5,336,783 to Omura et al. discloses a pyrrole derivative having a carbamoyl group, which 
has calpain inhibitory activity. United States Patent No. 4,732,910 to Yaginuma et al. discloses an epoxide 
compound having a guanidino group and a benzyl group, which has strong enzyme inhibitory acthrity against thiol 
proteases. United States Patent Nos. 4,333,879 and 4,382,889 to Tamai et al. disclose EST as a compound having 
thiol protease inhibitory acthrity, especially calcium-activated neutral protease (CANP) inhibitory activity. United 
States Patent Nos. 4,418,075 and 4,474,800 to Tamai et al. disclose compounds having a similar chemical structure 
to that of EST, but which contains one more imino group than EST does. 

The compounds described In the preceding paragraph have thiol protease inhibitory activity, especially 
against CANP (also known as calpain). However, none of the above compounds, have been reported as effective 
in the direct treatment of cancer cells, despite the fact that calpain inhibitors have some pharmaceutical effects on 
humans. 

A number of other calpain inhibitors have been disclosed for various utilities. For Example, United States 
Patent No. 5,403,834 to Malfroy-Camine et at. discloses salentransition metal complexes which have potent 
antioxidant and/or free radical scavenging properties. The compounds are said to prevent or reduce 
ischemic/reperfusion damage to crhical tissues such as the myocardium and central nervous system. United States 
Patent No. 5,328,922 to Nixon, et al. discloses two related endogenous neural, especially human brain, 
calcium acthrated neutral protease (CANP or ca^ain) inhibitors which are known as high molecular weight calpastatin 
(HMWC) and low molecular weight calpastatm (LMWC). United States Patent No. 5,268,164 to Kozarich, et al. 
discloses peptides (permeabiltzer A*7) having a core sequence of amino acids or amino acid analogues which increase 
the permeability of the blood-brain barrier in an animal. United States Patent Nos. 5,424,325, 5,422,359, 
5,416,117, 5,395,958, and 5,340,909 to Ando et aL disclose aminoketone derivatives ('325), alpha-aminoketone 
derivath^es {'359), and cyctopropenone derivathres {'117, '958, and '909), which are reversible inhibitors against thiol 
proteases, such as calpain. These compounds are said to have excellent properties in tissue distribution, cell 
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^ .,, „„«„,p.,„„ „„ „u iioiiaiiuii. iiedimeni OT cancer cells ts not mentioned in 

connection with the compounds. 

International Application PubUcation No. WO 94/00095 discloses the use of various calpain inhibitors in order 
to synchronize the ceU cycle. The synchronization is disclosed to shorten the duration of chemotherapy for cancer 
5 and to increase the activity of chemotherapeutic agents. The rationale is that synchronization of aU cells in the S 
phase will render them more sensitive to the chemotherapeutic agents. This reference teaches that, in the use of 
calpain inhibitors in the treatment of cancer, calpain inhibitors must be used prior to treatment of cancer with a 
primary chemotherapeutic agent. Further, there is no disclosure or suggestion of treatment of cencer cells which 
have multidrug resistance. IMoreover, in no way is there any discbsure or suggestion of administering the calpain 

10 inhibitors by themsehres to induce cell death in cancer. Le.. the calpain inhibitors are not disclosed to have a 
beneficial effect unless they are administered prior to treatment of cencer with a primary chemotherapeutic agent. 

Shoji-Kasai et al. Proc.NatlAcad.Scl, USA 85:146-150 (1988) shows that epidermoid carcinoma A431 cells 
cultured in a chemically defined medium can be arrested at mitotic metephase by E-64-d which is a 
membranerpermeant derivative of the thiol protease-specific inhibitor E-B4. This reference shows that inhibitors of 

15 CANP appear to have significant effects in slowing the growth of certain cancers. However, the effects will not 
be exhibited when cancer celte have multidrug resistance, and will not lead to cell death in cancer. 

A major factor bniting the cfinicai usefulness of enticencer drugs is the development of drug resistance in 
tumors. Many tumors which are treated with anticancer drugs such as vinca alkaloids (vinblastine) and antracyciines 
(doxorubicin) develop tolerance to these drugs and also show cross-resistance to other cancer drugs as weD. In some 

20 cases, patients do not respond to initial chemotherapy at all, and in these cases it is thought that the neoplasms 
have intrinsic drug-resistance. One of the mechanisms of this drug resistance is thought to reside in the acthre 
pumping of cancer drugs out of the cancer ceH by a surface protein called the mdr (multiple drug resistance) protein 
{^o\iBzxfanB\d\..J ClmicalOncohgy 7:409411, 1989, ^tiMtxm tii. J Nat'l Cancer Inst. ^\ :1 16-124. 1989, 
Fojo et al.. Cancer Res. 45:3002-3007, 1985). This protein effectively lowers the concentration of anticancer drugs 

25 within the cancer cell leadino to survhral and growth of the tumor. The mdr protein has been characterized as a 
170.000 dalton, energy-dependent glycoprotein, which becomes highly amplified in cancer cells as they ecquire drug 
resistance. The pump is thought to recognize and effhix a number of hydrophobic drugs and its normal role in the 
body is thought to be as a pump which can recognize end rid cells of potentially toxic compounds. 

A number of chemical compounds have been reported to block the activity of the mdr pump allowing 

30 anticancer drugs to accumulate in the target cells. These compounds are thought to work by acting as substrates 
for the multidrug pump system, and by overwhelming the pump to prevent the efflux of cancer drugs resulting in 
cancer cell death. The most intensehr studied of these mdr-blocking compounds has been verapamil, a 
calcium-channel blocker which has a different clinical use, namely the treatment of hypertension. In both precKnical 
and clinical studies ( Gottesman et al., J Clinical Oncology 7:409-411, 1989), verapamil has shown good actroity in 

35 inhibiting the mdr pump, resulting in enhanced kifling of cencer cells. Unfortunately, the doses of verapamil needed 
to inhibit the pump are so high that toxic cardiovascular side effects were seen in patients, thus preventing the 
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further davelopmem of this drug far use in cancer pattents. Nevertheless, the development of nontoxic agents that 
can reverse the mdr pump are needed and would be an important addition to the treatment of cancer patents. As 
shown in Table 1 below, the number of cancer patients in the United States who develop drug resistance is 
approximately 30% and, thus, the market for safe, effecthre blockers of mdr pump is significant. 

5 

TABLE 1 

Drug Resistance in U.S. Cancer Patients 

Number of Cancer Pattents (U.S.) 
Number of New Patients/Year 
10 Estmnated Number of Patients with Drug-Resistant Cancer 

^Numbers quoted ffoin BioTechnology News tnd Jotmiai of the Natwna! Cancer institute 



With regard to treatment of muKidrug resistant cancer cells. United States Patent No. 5,371,081 discloses 
N*substituted phenoxaztnes. These compounds are chemically unrelated to the above-discussed epoxide compounds 

15 and calpain inhibitors. Further, the compounds are not disclosed to be beneficial when administered by themsehres, 
and the toxicity of the compounds are likely to be an obstacle to clinical use. 

One of the most serious problems residmg in conventional chemotherapy is the toxicity of chemotheraputic 
agents. For example, vinblastine and adriamycin, typifying chemotheraputic agents, have inevitable side effects such 
as hair loss, weight loss, and liver and kidney damage. They cannot be administered daSy for a long period of time 

20 due to high toxicity. For example, these chemotherapeutic agents are normally administered several days a week 
for two or three months, and after several weeks of recuperation without administration of the chemotherapeutic 
agents, the administration thereof is repeated. None of the conventional chemotherapeutic agents and potentiators 
is free of toxicity. 

In conclusion, no prior art discloses or suggests catpain inhibitory compounds or epoxide compounds which 
25 themselves are practically capable of inducing cell death in cancer. Moreover, there is no disclosure of compounds 
which function to kill cancer cells, irrespective of the existence of multidrug resistance in the cancer cells, without 
significant side effects or toxicity. 

SUMMARY OF THE IMVEWTION 

The present invention has exploited use of epoxide derivatives in the treatment of cancer, and in particular, 
30 in order to treat cancer cells, trrespectne of the existence of multidrug resistance in the cancer ceils, use of 
piperazine derivathres having epoxy groups as a prmnary chemotherapeutic agent or as adjunctive therapy when used 
substantially conten^oraneously with other chemotherapeutic agents. An objective of the present invention is to 
provide a method for significant induction of cell death in cancer, using piperazine derivatives having epoxy groups, 
which is pharmacologically beyond prevention of metastasis in cancer or the like mentioned in the prior art. Another 
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nhiantiwo nf tha nroeont inuontinn ic tn nmwr«la tt mothA«l fnr •t««nt^m«M« n j.^^t. •_ . 

piperazme derivatives having epoxy groups alone or as a prknary chemotherapeutic agent. In other words, the 
piperazine derhfath/es themsehres function as an anticancer drug, irrespective of the eitstence of multidrug resistance 
in the cancer cells, based on a mechanism different from that of conventional anticancer drugs. Still another 
5 objecthre of the present invention is to provide a method for reversal of multidrug resistance in cancer cells by using 
piperazme derh/athres having epoxy groups as adjunctive therapy when used substantiaQy contemporaneously with 
other chemotherapeutic agents. 

Namely, one important aspect of the present mvention is a method for inducing ceB death in neoplastic cells, 
comprising: administering a compound of formula I or a pharmaceuticaDy acceptable salt thereof to a patient having 
10 neoplastic cells, in an amount suffic»nt to induce cell death in said neoplastic eels: 

H 

' CONHC-CO-N^ N-r3 

R^OC H 



15 




where is hydroxyl, CM alkoxyl, C1-4 alkylcarbonyloxymethoxyl, phenyl C1-2 alkylamino group, 
2,5-pYrrolidinedtone-l-alkoxyl (CM), or 



20 




wherein X' is a chemical bond or CI -2 alkylene, is hydrogen or carboxyl forming a 5-membered ring 
25 with X^ when X^ is methylene, X*^ is hydrogen or Cl-2 alkyi, X^ is hydrogen or C1-2 alkyi, or X^ and X^ 

together form a 5-membered ring, in which at least one of X^, X^, and X^ is hydrogen, 
is C34 alkyi, R^ is CM alkyi. 
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\=^(0CH3)„ ^ 



in which n is an integer of 0 to 3. 

In the above method, the compound is preferably of the following formula: 




^ CONH ^ CON N, n J 




0CH3 

R^OC H °^*^3 

where is selected from the group consisting of: 



C2H5O- ; ^^-CHjO- ; |^^^n-(CH2)20- : 

0 

C4H9O- ; 

^ 0 

(CH3)3CCOCH20- ; ^^1^/° ' ' 



0- 



C^O-: and 



CH2NH- : and 



Re is selected from the group consisting of -(0112)20113. •CH2CmCH3)2. and -C(CH3)3. 
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Alert m tho nhnuD mt%fUnti tha r^nmnAiinrt le nroforohtu nf fka fnllAtarinn 

... .... ..Hvw «*.w «pt,».«*^ww*>w ^*<*. W.W.J •W*4W*W«tty ItfttlMiltU. 

CON N 

.y' — \ V 

R^OC 

where is selected from the group consisting of: 



0 

C4H9O- ; 



IS 



20 



(CH3)3CCOCH20- ; ^jl^O ; ^^0- ; 

0- 

^^"-^^3^0- ; and ^^CH2NH- ; and 



Rg is selected from the group consisting of *{CH2)2CH3, -CH2CH(CH3)2, and •C(CH3)3. 

The above compounds are effective in inducing cell death in cancer, even when the cancer cells have 
25 multidrug resistance. The compounds are preferably in the form of sulfate. 

The above compounds include the piperazine derivathres disclosed in United States Patent Nos. 4,507,297 
and 4,596,803 to Masaki et aL and Japanese Patent Laid-open Nos. 63-275575 (1988) and 63-275576 (1988). 
These patents are hereby incorporated herein by reference. However, the piperazine derhrathres in '297 and '803 
have bean reported only for the purpose of inhibiting myocardial infarction. The above particular group of piperazine 
30 derivat'nres exhibits surprisingly and unexpectedly high anti-neoplastic activity on neoplasms, especially on those having 
multidrug resistance. The neoplasms which can be effectwely treated are selected from the group consisting of 
human breast cancer cells, human melanoma cells, human ovarian cancer cells, human colon cancer cells, human 
pancreatic cancer cells, and human prostate cancer cells, particularly undifferentiated cancer cells. 

Another important aspect of the present invention is a method for treating neoplastic cells, consisting 
35 essentially of administering a composition consisting essentially of a compound of formula I indicated earlier or a 
pharmaceutically acceptable salt thereof to a patient having muhidrug-resistant neoplastic cells, in an amount 
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sufficient to induce ceU death in said neoplastic cells. The preferred compounds and the effective neoplasms 
described earlier can be adopted in the above method. The piperazine derivathfes themsehres in the present invention 
demonstrate significantly high anti-neoplastic activity on cancer cells, even when no other chemotherapeutic agents 
are used. This unexpected finding appears to be based on '^apoptosis", le., programmed cell death which only 
5 recently has been recognized (Desoize B., Anticancer Res, 14:221-2294, 1994), in addition to the reversal of 
multidrug resistance expressed by an acthre mdr gene. The s^ntftcant induction of cell death in cancer, via its 
apoptosis and reversal of multidrug resistance, by the piperazine derivathres in the present mvention is 
pharmacologically very different from and beyond, for example, the reported prevention of metastasis in cancer by 
thiol protease-specific inhibitor E-64-d which has an epoxy group but no piperazine ring (Shoji-Kasai et al. 

10 Proc.NatLAcad.ScL, USA 85:146-150, 1988). Further, the use of the piperazine derhratives in the present invention 
as a primary chemotherapeutic agent or as adjunctive therapy when used substantially contemporaneously with other 
chemotherapeutic agents is very distinct from the reported use of calpain inhibitors which must be used prior to 
treatment for cancer with a primary chemotherapeutic agent (international Application Publication No. WO 94/00095). 
(n connection to apoptosis, calpain inhibitors have been reported as inhibitors of apoptosis, not inducers of 

15 apoptosis (Thompson, Scianca VoL 267, 10 March 1995, pp. 1456-1462). On the other hand, calpain inhibitor 1 
and N-Cbz-Leu-LeU'Tyr diazomethyl ketone have been reported as inducers of apoptosis {Biochemical and Biophysical 
Research Communications Vol. 214, No. 3, 25 September 1995, pp.1 130-1 137). From these conflicting reports, it 
is clear that induction or inhibition of apoptosis cannot be explained simply by calpain inhibitory activity. Further, 
cell-specificity (e.g., toxicity to normal cells) is less considered although that characteristic is extremely important. 

20 It is surprising that the specific piperazine compounds of the present invention can induce, to unexpectedly high 
degrees, apoptosis specifically in neoplastic cells. 

The above piperazine derivathres are also effectwe in conjunction with the use of a chemotherapeutic agent 
such as vinblastine and adriamycin by administering the piperazine derivatives substantially contemporaneously with 
the chemotherapeutic agent to a patent having neoplastic cells, particularly those carrying an active mdr gene. 

25 Thus, another enportant aspect of the present invention is a method for potentiating chemotherapy to treat 

neoplastic cells, comprising administering a compound of formula I indicated earlier or a pharmaceuticalty acceptable 
salt thereof to a patient having multidrug resistant neoplastic cells, substantially contemporaneously with 
chemotherapy, in an amount sufficient to potentiate said chemotherapy. The preferred compounds and the effective 
neoplasms described earlier can be adapted in the above method. The piperazine derivatives in the present invention 

30 are highly effective in reversing drug resistance in human cancer cells and tumors that are resistant to anticancer 
drugs, via highly accumulating the anticancer drugs in these cancer cells, thereby increasing the killing of these 
cancer cells. 

Further, the present invention includes other aspects, use of the aforesaid piperazine derhratives in the 
preparation of a medicament for inducing cell death in neoplastic cells, use of the aforesaid piperazine derh^atives 
35 in the preparation of a medicament for potentiating chemotherapy to treat multidrug-resistant neoplastic cells. The 
above medicaments themselves are also important aspects of the present invention. 
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FIGURE 1 is a graph showing the relationship between LDH released and the concentration of NCO-700 
in cancer cell death assays of human ovarian cancer cell lines SW-626 and AN-3 CA. 

FIGURE 2 is a graph showing the relationship between LDH released and the concentration of NCO /OO 
5 in cancer cell death assays of melanoma cell lines B16F10 (mouse fine) and SK.Mel-2 (human line). 

FIGURE 3 is a graph showing the relationship between LDH released and the concentration of NCO-700 
in cancer cell death assays of human ceU line SK-MbI-2 (melanoma) of 100,000 cells and 250,000 cells. 

FIGURE 4 is a graph showmg the relationship between LDH released and the concentration of NCO-700 
in cancer cell death assays of human cancer cell lines MCF-7 (breast), HL-60 (leukemia), and HEP-129 (liver). 
10 FIGURE 5 is a graph showing the relationship between LDH released and the concentration of NCO-700 

in cancer cell death assays of human cancer cell lines HS-578T (breast), T-47D (breast), and DU-145 (prostate). 

FIGURE 6 is a graph showing the relationship between LDH released and the concentration of NCO-700 
in cancer ceU death assays of human cancer ceU lines MCF-7 (breast), MDA MB231 (breast), and LS-174T (colon). 

FIGURE 7 is a graph showing the relationship between LDH released and the concentration of NCO-700, 
15 TOP-008, TGP-009, TOP-013, and T0P 017 m cancer cell death assays of human cancer cell line HS-578T (breast). 

FIGURE 8 is a graph showing the relationship between LDH released and the concentration of TOP 008 
in cancer cell death assays of human cancer cell tines HS-57BT (breast), DU.145 (prostate). PC-3 (prostate), and 
WIDR (colon). 

FIGURE 9 is a graph showing the relationship between the object area (the number of surviving cancer cells 
20 calculated by a computer) and the concentration of NCO-700 in a cancer cell survival assay of human cancer cell 
line SK-Mel-2 (melanoma). 

FIGURE 10 is a graph showing the relationship between the object area and the concentration of NCO-700 
in a cancer cell survival assay of human cancer cell line LS-174T (colon). 

FIGURE 1 1 is a graph showing the relationship between the object area and the concentration of NCO-700 
25 in a cancer celt survival assay of human cancer cell line T47D (breast). 

FIGURE 12 is a graph showing the relationship between the object area and the concentration of NCO-700 
in a cancer cell survival assay of human cancer cell line HS-57BT (breast). 

FIGURE 13 is a graph showing the relationship between the object area and the concentration of NCO-700 
in cancer cell survival assays of human cancer cell line OU-145 (prostate) of 500 cells/well and 1,000 ceils/welL 
30 FIGURE 14 is a graph showing the relationship between the object area and the concentration of NCO-700 

in cancer celt survival assays of human cancer cell line PC-3 (prostate) of 500 cells/well and 1,000 ceHs/well. 

FIGURE IS is a graph showing the relationship between the object area and the concentration of NCO-700 
in cancer cell survival assays of human cancer cell line LN (prostate). 

FIGURE 16 is a graph showing the relationship between the object area and the concentration of NCO-700 
35 in cancer cell survival assays of human cancer cell line WIDR (colon) of 1,000 celisiwelL 
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FIGURE 17 is a graph showmQ the relationship between the mean change in size of tnmnr (delta mean) 
and the dosage of NCO-700 in a sub-renal capsule assay of human prostate cancer tn BDF/1 mice. 

FIGURE 18 is a graph showing the relationship between the change in size of tumor and the dosage of 
NCO-700 in a sub-renal capsule assay of human breast cancer in BDF/1 mice. 
5 FIGURE 19 is a graph showing the relationship between the change in size of tumor and the dosage of 

NCO-700 in a sub-renal capsule assay of human colon cancer in BDF/I mice. 

FIGURE 20 is a graph showing the LDH release stimulated by NCO-700, TOP-008, and analogs in cancer 
cell death assays of human cancer cell line OU-145 (prostate) at a concentration of 25 jM. 

FIGURE 21 is a graph showing the LDH release stknulatcd by NCO-700, TOP 008, and analogs in cancer 
10 cell death assays of human cancer celt bne HS-578T (breast) at a concentration of 25 //M. 

FIGURE 22 is a graph showing the LDH release stmiulated by NCO-700, TOP 008, and analogs in cancer 
cell death assays of human cancer cell line T470 (breast) at a concentration of 25 //M. 

FIGURE 23 is a graph showing the LDH release stimulated by NCO-700, T0P 008. and analogs in cancer 
cell death assays of human cancer cell fine SK-MEL 2 (melanoma) at a concentration of 25 //M. 
^5 FIGURE 24 is a graph showing the LDH release stimulated by NCO-700, TOP-008, and analogs in cancer 

cell death assays of human cancer cell fine WIDR at a concentration of 25 //M. 

FIGURE 25 is a graph showing the LDH release stimulated by NCO-700, TOP-008, and analogs in cancer 
cell death assays of human cancer cell fine LS-174T (colon) at a concentration of 25 //M. 

FIGURE 26 is a graph showing the relationship between the object area and the concentration of TOP-008 
20 in cancer cell survival assays of human cancer cell line HS-578T (breast) of 500 cells/well and 1,000 cells/well. 

FIGURE 27 is a graph showing the relationship between the object area and the concentration of TOP-008 
in cancer cell survhral assays of human cancer cell line T47D (breast) of 500 cells/well and 1,000 celts/well. 

FIGURE 28 is a graph showing the relationship between the object area and the concentration of TOP-OOB 
in cancer cell survhral assays of human cancer cell line DU-145 (prostate) of 500 cells/well and 1,000 cells/well. 
25 FIGURE 29 is a graph showing the relationship between the object area and the concentration of T0P 008 

in cancer cell survival assays of htmian cancer cell line PC-3 (prostate) of 500 ceUs/well and 1,000 cells/welL 

FIGURE 30 is a graph showing the relationship between the object area and the concentration of TOP-008 
in cancer ceU survwal assays of human cancer ceU line LS-174T (colon) of 1,000 ceUs/well and 2,000 cells/welK 

FIGURE 31 is a graph showing the relationship between the object area and the concentration of TOP 008 
30 in cancer cell survhral assays of human cancer cell line WIDR (colon) of 500 cells/well. 

FIGURE 32 is a graph showing the LDH release stimulated by NC0-70Q, TOP-OOB, and analogs in cancer 
cell death assays of human cancer cell lines HS-766T (pancreas) and ASPC-1 (pancreas) at a concentration of 25 

FIGURE 33 is a graph showing the relationship between LDH released and the concentration of NC0700 
35 and Calpain inhibitor 1 in cancer cell death assays of human cancer cell line DU-145 (prostate). 
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. — atliiHiiaiDu uf rauu-/uu, lur-uuo, BOO anaiogs in cancer 

ceU death assays of human cancer cell line HS-578T (1,000 ceDs/weO). 

FIGURE 35 is a graph showing the LDH release stimulated by NCO700. TOP-008. and analogs in cancer 
cell death assays of human cancer cell line HS-578T (1.500 cejls/weli). 

FIGURE 36 is graphs showing the results of apoptosis activity of TOP OOB in apoptosis detection assays 
of human cancer cell line HS.578T. Figures 38a. 36b. and 36c indicate normal cancer cells, cancer cells with 
TOP-008 (50 fjlA). and cancer cells with TOP-008 (25 iM). respectively. 

FIGURE 37 is a graph showing the relationship between changes in tumor weight and the dosage of 
NCO-700 in nude mice treated with adriamycin and without adriamycin. 

FIGURE 38 is a graph showing tha effects of TOP OOS (indicated as TOP O) vs. TOP OOB (indicated as TOP- 
8). T0P O18 (indicated as TOP-18) and NCO-700 (indicated as NCO) on HS578-T cells. 

FIGURE 39 is a graph showing the effects of T0P 013 (indicated as TOP-13) vs. TOP OOB (indicated as 
TOP-8). TOP-018 (indicated as TOP-18) and NCO-700 (indicated as NCO) on HS57B-T cells. 

FIGURE 40 is a graph showing the effects of TOP-017 (indicated as TOP-17) vs. TOP OOB (indicated as 
TOP-8), T0P-01B (indicated as TOP-18) and NCO-700 (indicated as NCO) on HS578-T cells. 

FIGURE 41 is a graph showing the results of LDH assays wherein HS578 T cells (6.000 c/w) were treated 
with TOP OOB (indicated as TOP). T0P-01B (indicated as TOP-IB), and NCO-700 (indicated as NCO). 

FIGURE 42 is a graph showing the effects of T0P 019 (indicated as TOP-19) vs. TOPOOB (Indicated as 
TOP-8) on HS578-T cells. 

FIGURE 43 is a graph showing the effects of TOP-020 (indicated as TOP-20) vs. TOP OOB (indicated as 
TOP-8) on HS57B T cells. 

FIGURE 44 is a graph showing the effects of TOP OOB (indicated as TOP-8), 009 (TOP-9), 013 (TOP-13), 
017 (TOP 17), 019 (TOP-19), and 020 (TOP-20) in survival assays on seeded HS57B-T ceHs. 

FIGURE 45 is a graph showing the effects of NCO-700 (indicated as NCO), TOP OOB (indicated as TOP-8) 
and 018 (indicated as TOP-IB) in survival assays on seeded HS578 T cells. 

FIGURE 46 is a graph showing the effects of TOP OOS on human prostate cancer in BDF/1 mice using the 
sub-renal capsule assays. 

FIGURE 47 is a graph showing the effects of TOP OOB on human prostate cancer in BDF/1 mice using the 
sub-renal capsule assays. 

FIGURE 48 is a graph showing the effects of TOP-013 on human prostate cancer in BDF/1 mice using the 
sub-renal capsule assays. 

FIGURE 49 is a graph showing the effects of TOP-017 on human prostate cancer in BDF/1 mice using the 
sub-renal capsule assays. 

FIGURE 50 is a graph showing the effects of T0P-01B, 019, and 020 on human prostate cancer in BDF/1 
mice using the sub-renal capsule assays. 
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FIGURE 51 is a graph showkig the effects of TOP-008 (mdtcated as TOP), calpain inhibitor 1 (indicated 
as CAL1K and N-Cbz-Leu Leu Tyr diazomethyl ketone (indicated as N CBZ) on HS578T cells. 

FIGURE 52 is a photograph showing Swiss-Webster mice implanted with S-180 human sarcoma cells, 
treated with either NCO'700 (indicated as NC0.700) or TOP-OQB (indicated as TOP.008) or untreated (indicated as 
5 CONTROL), wherein the sweDing of the abdomen shows in the control anknals, indicating the large tumor burden in 
those animals. 

FIGURE S3 is a photograph showmg black mice« C57BL/6J, implanted with S-18Q human sarcoma cells, 
treated with either NCa-700 (indicated as NC0.700) or TOP-008 (indicated as TOP.008) or untreated (indicated as 
CONTROL), wherein the swelling of the abdomen shows in the control animals, indicating the large tumor burden in 
10 those animals. 

FIGURE 54 is a photograph showing tumor cells from the control Swiss-Webster mice in FIGURE 52, 
stained with acridine orange (0.01%) and subjected to confocal laser microscopy, wherein the bright, spherical 
staining of nucleic acid in the nuclear compartment indicates highly ordered nuclear material, indicative of a 
propagating or dhriding celL 

IB FIGURE 55 is a photograph showing tumor cells from the NC0-700 treated Swiss-Webster mice in FIGURE 

52, stained with acridine orange (0.01%) and subjected to confocal laser microscopy, wherein the nuclear material 
in these cells is lobular, disordered and typical of cells undergoing programmed cell death or apoptosis. 

FIGURE 56 is a photograph showing tumor cells from the TOP OOS treated Swiss-Webster mice in FIGURE 
52, stained with acridine orange (0.01%) and subjected to confocal laser microscopy, wherein the nuclear material 
20 in these cells is lobular, disordered and typical of cells undergoing programmed cell death or apoptosis. 

FIGURE 57 is a photograph showing a nucleic acid fluorescence distribution in cells removed from the 
control animals in FIGURE 54. wherein the highly ordered DNA in tumors cells having a high color value can be seen 
as the white "frosting" on top of the fluorescence distribution (cake-like figure) (the second and third layers are pink 
and yellow, respectively). 

25 FIGURE 58 is a photograph showing a nucleic acid fluorescence distribution in cells removed from the 

animals in FIGURE 55, wherein the highly ordered DNA is significantly reduced in animals exposed to NCO-700 (light 
"frosting** on top) (the second and third layers are pink and yellow, respectively). 

FIGURE 59 is a photograph showing a nucleic acid fluorescence distribution in cells removed from the 
animals in FIGURE 56, wherein the highly ordered DNA is absent from animals exposed to TOP-008 (no white 
30 "frosting" on top) (the top and second layers are pink and yellow, respectivelyl. 

FIGURE 60 is a graph showing the effects of NCO-700 and TOP 008 and their derivatives on HS578-T 
celts, wherein although TOP-101 through T0P H5 have structures common to NCO-700 and TOP-008, they do not 
show effects in cell death assays. 

DETAILED DESCRIPTIOW OF THE PREFERRED EMBODIMEWTS 
35 We have discovered that piperazine derivatives having epoxy groups in the present invention can be used 

to kill tumor cells in vivo. Our studies show that, when the derivatives are administered to nude mice carrying a 
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drua-resistant human tumor, there is a decGne. by 60%. for axamnls. of tumor masts whhnnt 
of body weight. Moreover, the drugs are effective, either atone or in combination therapy, even against cancer cells 
exhibiting multi drug resistance. 

As discussed hereinabove in the background of the invention, a major factor Igniting the clinical usefulness 
5 of anticancer drugs is the development of drug resistance in tumors. Recent research indicates that two major 
mechanisms which underBe drug resistance in cancer cells include (i) amplification of the mdr muhigene family and 
(ii) inhibition of programmed cell death (apoptosis). The mechanism of drug resistance in ceDs where the mdr gene 
is amplified resides m the acthre pumping of cancer drugs out of the cancer cell by the mdr protein which effectively 
lowers the concentration of anticancer drugs within the cancer cell. The second major mechanism of drug resistance 
10 in cancer cells, which only recently has been recognized, is the inhibition of programmed cell death, or apoptosis, 
which leads to resistance not only to chemotherapy, but radiation therapy as well (Oesoize B., Anticancer Res. 14 
:221-2294, 1894). The best-characterized inhibitor of apoptosis is the protein product of the Bcl-2 gene, which is 
over-expressed in cancer cells that are drug and radiation resistant. A variety of rapid and distinct molecular events 
occur in apoptotic cells, such as nuclear chromatin condensation, changes in cell size, and acthration of endogenous 
15 endonuclease activity that results in the production of oFigosomal ONA fragments. Multidrug-resistant cancer cells 
have the apoptosis inhibition activity. 

We have discovered that the piperazlne derhratives having epoxy groups in the present invention are highly 
effective in reversing drug resistance in human cancer cells and tumors that are resistant to anticancer drugs. The 
derhrathres can stimulate S fold the accumulation of the anticancer drug, vinblastine, in human carcinoma ceO lines, 
20 for example. This results in a highly significant increase in the killing of these cancer cells as determined in a cancer 
cell survhral assay. These studies indicate the piperazine derhrathres having epoxy groups have significant acthrity 
in sensitizing drug-reststent cancer cells to the killing effect of anticancer drugs and demonstrates the high potential 
thereof for use in cancer patients. 

As discussed in greater detail below, it is believed that the pharmaceutical compositions of the present 
25 invention are effective in inducing epoptosis in cancer cells. Thus, these compositions are advantageously effecthre 
in overcoming both of the major known mechanisms of drug resistance in cancer patients. 
Piperazine Derivatives Having Epoxy Groups 

The piperazine derhratives having epoxy groups in the present invention are compounds represented by 

formula I, 



30 




35 
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where is hydroxyl C1-4 alkoxyl C14 alkylcarbonyloxymethoxyl, phenyl C1-2 alkylamino group, 
2,5-pyrroDdinedione*1-alkoxyl (CM), or 




wherein X' is a chemical bond or C1-2 alkytene, Is hydrogen or carfaoxyl forming a S-membered rmg 
with X^ when X^ is methylene, X*' is hydrogen or C1-2 alkyt X^ is hydrogen or CV2 alkyi, or X^ and X^ 
together foim a 5-membered ring. In which at least one of X^, X^, and X^ is hydrogen, 
r2 is C34 alkyl Is CM alkyl 




in which n Is an integer of 0 to 3. 

The compounds represented by formula I are typically of the following formula: 
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fhers is seiscted from the group consisting of: 



0 



C2H5O- ; ^^-CH20- : [^^-(CH2)20- 



0 




(CH3)3CCOCH20- ; ^jT/® • ^^3"° 



0- ; and ^^^CH2NH- 
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General Fcrmula 



H 




CONHC-CO-N N-r3 

1 ' . i2 ^ 

R^OC 



^- HO- Jj 

(CH3)3CC0CH20- \ 



^ C2H5O- 




^ (CH3)2CHCH20- 

CH3COCH20- \_V (™2)2N«- (<="2)2<'- 



^ (CH3)2CH COCH2O- rN-(CH2)40- ^ 



0 



0 



Q 



a: 

r. (CH3)2C2H3C0CH20- f N-(CH2)20- 






■CHoO- 



CH3-^ >-(CH2)20- 
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A: -(CH2)2CH3 
B: -CH2CH(CH3)2 
C: -C(CH3)3 
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Tvnif^at rnmnnimHc inrhiHaf4 in tho n'tnamytna Hornif>*it»A«k U**%wlrtm »^ 

,r r , „„,„,y opoAj yiwupd aio aa lUUUwS Itlltf iidiiies in 

parentheses are names assigned to compounds used in the examples described later): 





No. 






r3 


DcHnjirlrs 

■ I 0] 1 la 1 


5 


1 


A 


B 


A 


tmnv vnHh im 
iiaiidf ouuiuill 




2 


A 


B 


B 






3 


A 


B 


c 


tmnc cnrittim rTflP OitOX 




4 


A 


B 


n 
tj 


iidiidr souiufn 




5 


A 


B 


D 


(PR nnta««iiim /TOP 0f\7\ 


10 


6 


A 


B 


D 


(2S 3S) sndium 




7 


A 


B 


E 


trans sodiiinri 




8 


A 


B 


F 


trans tnHtiim 




9 


A 


B 


G 


tran^ soriiiim 

tfOIIO^ dUUIUIII 




10 


A 


B 


H 


trans snrtntm 


15 


11 


A 


B 


H 


{2R 3RI sodium fTnP.7n3t 




12 


A 


B 


H 


(2S 3S) sodium fTOP.PfU) 




13 


B 


B 


D 


trans 1/2 sulfatp fTnP.9nR\ 




14 


B 


B 


D 


trans sodium 




IS 


B 


B 


D 


(2R 3RI 1/2 sulfate fNCO-7nO) 


20 


16 


B 


B 


F 


(2R 3R) 1/2 sulfate rrQP.flOR) 




17 


B 


A 


D 


(2R,3R) 1/2 sulfate 




18 


B 


A 


F 


(2R.3RL 1/2 sulfate (TQP'019) 




19 


B 


c 


D 


(2R.3Rh 1/2 sulfate 




20 


B 


c 


F 


(2R 3R) 1/2 sulfate rrQP-020) 


25 


21 


c 


B 


D 


trans 1/2 sulfate {TOP-206) 




22 


0 


B 


D 


(2R.3R). 1/2 sulfate 




Zj 


r 
C 


D 


□ 


(2R,3R), 1/2 sulfate 




24 


F 


B 


0 


(2R,3RK 1/2 sulfate 




25 


G 


B 


0 


(2R,3R), 1/2 sulfate (TQP 003) 


30 


26 


H 


B 


0 


(2R,3R), 1/2 sulfate (T0P015) 




27 


H 


B 


F 


(2R,3R), 1/2 suKate ITOP-017) 




28 


1 


B 


F 


(2R.3R), 1/2 sulfate 




29 


J 


B 


F 


|2R,3R), 1/2 sulfate 
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30 


K 


5 


r 


(Zn,3ni, 1/2 sunaie tiuP-Olu) 


31 


L 


B 


D 


(2R.3R). 1/2 suttate (TOP-005) 


32 


L 


B 


F 


(2R.3R). 1/2 sulfate rrOP-013) 


33 


M 


B 


0 


I2R,3R). 1/2 sulfate 


34 


N 


B 


0 


(2R,3R). 1/2 sulfate (TOP 006) 


35 


0 


B 


D 


(2R,3R). 1/2 sulfate (TOP 001) 


36 


0 


B 


F 


(2R,3R), 1/2 sulfate (TOP OOS) 


37 


P 


B 


0 


(2R,3R), 1/2 sulfate 


38 


Q 


B 


0 


{2R,3R), 1/2 sulfate 


39 


R 


B 


F 


(2R,3R|, 1/2 sulfate 


40 


S 


B 


F 


(2R,3R). 1/2 sulfate (T0P 012) 


41 


T 


B 


F 


(2R,3R), 1/2 sulfate 


42 


U 


B 


F 


(2R,3R), 1/2 sulfate 


43 


V 


B 


0 


(2R,3R), 1/2 sulfate 


44 


B 


B 


F 


(2R,3R), sodium (T0P 007) 


45 


C 


B 


F 


(2R,3R), 1/2 sulfate (TQP-OIB) 



In the above, R' and are preferably C2H50- and |CH3)2CHCH2-, respectively. Further, among salts, 
sulfate is preferable. When is C4HgO-, any of n-, s*, t-, and iso buthoxyis can be employed. 

20 The specifically defined present piperazine derh/atives having epoxy groups are believed to work through 

an epoxide group, but E-64 also contains an epoxide group. The Shoji Kasai et al. reference described earlier 
discloses that E-64 d analogous to E-64 exhibits relevant effects, i.e., slowing the growth of cancer cells, and has 
a partially similar structure to the exemplified compounds of the present invention. However, neither E-64 nor E 64 d 
contains a piperazine ring, and E-64 has been found not to be particularly effective in cancer cells having multidrug 

25 resistance, despite the fact that it has been reported that E-64-d slows the growth of cancer cells. It is believed 
that not only epoxy group but also a piperazine ring are essential to induction of cell death in cancer. Catpain 
inhibitor I has been found slightly effective within the above context, but its toxicity may be an obstacle. Other 
compounds having simBar structures to the present piperazine derhratives, with respect to piperazine rings when 
present, and epoxy groups, have been tested (data omitted here), but no significant effect was observed, meaning 

30 that surprising and unexpected effects on induction of cell death in cancer, Le., reversing mdr and in inducing death 
of cancer cells without significant toxicity to normal tissues, which appear to be pharmacologically beyond prevention 
of metastasis in cancer, are found in the specifically defined present compounds. 
Production of Piperazine Derivatives 
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Ths pipsrazins uBrivstrtaS loprMoritcu in fui'muia i in in» pressni mveniion can be synthesized based on a 
usual acid halide method or a nuxed anhydride method, the detaOs of which are set forth in United States Patent 
Nos. 4,507,297 and 4,596,803 to Masaki et aL, both entitled "Piperazine Derhratives and A Medicine Containing 
the Same", and Japanese Patent Laid-open Nos. 63-275575 (1988) and 63-275576 11988), which are hereby 
incorporated herein by reference. 

For example, in the case where in formula I is an alkoxyl group, a leucine derivative represented by the 
general formula (2), 

r3nhchco2H 

2 * * 5 

where R is the same as in formula I. and tr is a protective group for an amino group of an amino acid such as 

a tert butoxycarbonyl group, or its reactive derivatwe, is reacted with an amino derivative represented by the general 
formula (3), 



HN 



(3) 



where R is the same as defined above, to obtain a compound represented by the general formula (4), 



R^NHCHCON N-r3 



(4) 



Subsequently, the protective group is removed by any conventional method, and a leucylpiperazine derivative thus 
obtained and represented by the general formula (5). 

H^NCHCON ^N-r3 ( 5 ) 

r2 ^ 

is reacted with a trans-epoxy succinic acid monoaster represented by the general formula (6), 

H CO2H 

rIqc h 

where R^ is the same as in formula I, or its reacthre derivative, thereby obtaining a compound represented by the 
general formula (7): 
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H C 

rIqc h 



CONHCHCON 
I o \ 



Alternatively, the trans-epoxy succinic acid monoester of the formula (6) above, or its reactive derivative, 
is reacted with leucine to obtain an epoxy succinyl leucine derivative represented by the general formula (8), 



10 



H 



R^OC 



CONHCHCO2H 



where is the same as in formula i except that is not hydroxy! group, or its reacthre derhrative. The compound 
of the formula (8) is then reacted with an amine derhrative represented by the formula (3) above, thereby obtaining 
15 a compound of the formula (7) above. 

In addition, the. compounds of formula I can be obtained by the following condensation (dehydration) 

reaction: 



20 



R^H+H 



HOOC 




H 

I / 
CONHC-CO-N 

1,2 ^ 



N-r3 



25 




The condensation reaction of the compound of the formula (2) with the compound of the formula (3), the 
30 condensation reaction of the formula (S) with the compound of the formula (6) and the condensation reaction of the 
compound of the formula (8) with the compound of the formula (3) are conducted by a conventional acid hafide 
method or a mixed anhydride method, or in an organic solvent such as methylene chloride, ethylene chloride/ 
chtoroform, ethyl acetate, tetrahydrofuran or the like in the presence of a known condensation agent such as 
N-hydroxy succinimide and N,N'-dicyclohexylcarbodi-mide at - 10^ to -t-40**C., preferably at -5** to '^3[)*'C. 
35 The ester residue of the compound represented by the formula (7) can be readily converted to the 

corresponding carboxylic acid by any existing alkaline hydrolysis method. 
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•y. S'Swp Can uc uutaineu by nydroiyztng the ester group of the 
compound of the formula (7). 

The piperazine derivathre thus prepared may be optionally converted to a pharmaceutically acceptable salt 
thereof, for example, of sodium, potassium, calcium or magnesium, or trialkylamine, dibenzlamine, N-lower 
5 alkylpiperidine, N-benzl-^-phenetylamine, a-phenethylamine, Ml naphthyDethylamine as well as hydrochloric acid, 
hydrobromic acid, formic acid, sulfuric acid, fumaric acid, maleic acid or tartaric acid. Further, with use of an 
optically active trans epoxy succinic acid monoester (6) such as a {2S,3SJ-epoxy succinic acid monoester or a 
(2R,3R).epoxysuccinic acid monoester which may be synthesized in accordance with the method of Kenji Mori et al 
[Tetrahedron, vol. 36(1), 87-90, 1980) or Japanese Patent Publication No. 3 18629 (1991), it is possible to obtain 
10 the compounds of formula I of the present invention, which has an optically active epoxy succinic acid group, by the 
process noted above. 
Phanraeeutical Use 

According to a further aspect of the invention, medicines are provided medicines for induction of cell death 
in cancer, which medicines contain the compounds of formula I or their pharmaceutically acceptable salts as actwe 
1 5 ingredients. 

The usefulness of the compounds of formula I and their pharmaceuticaUy acceptable salts according to the 
present invention as medicines for induction of cell death in cancer has been confirmed by the fact that they have 
superior effects in inducing apoptosis and reversal of multidrug resistance of cancer cells. 

Moreover, from acute toxicity tests using mice and rats, the compounds of the invention were found to be 
20 quite safe for human use. For example, the LD50 of NCO-700 via i.v. to rats is 317 mg/kg. This non toxicity of 
the compounds makes it possible to administer the compounds to patients daily for a long period of time without 
interruption, without significant side effects, until the cancer tumors are suppressed. The non toxicity, the apoptotic 
effects and the reversal of multidrug resistance of the compounds will change the procedures of conventional 
chemotherapy completely. 

25 The dosage of the compounds of formula I and their pharmaceutically acceptable salts varies depending upon 

the stage of cancer development, the type of cancer, the degree of multidrug resistance thereof, and the type of 
chemotherapy which may be conducted concurrently. Generally, they may be administered to patients in an amount 
of from about 15 //g/kg to about 250 mg/kg, preferably from about 250 //g/kg to about 100 mg/kg, more preferably 
from about 1 mg/kg to about 50 mg/kg, to effectively cause apoptosis and reverse multidrug resistance of cancer 

30 cells. Suitable target cancers are human breast cancer cells, human melanoma cells, human ovarian cancer cells, 
human colon cancer cells, human pancreatic cancer cells, human prostate cancer ceils, especially when these cancer 
cells are in the undifferentiated stage. 

For various formulations as medicines, the compounds of formula I and their salts may usually be combined 
with pharmaceutical carriers to prepare pharmaceutical compositions. Examples of the carriers include diluents or 

35 vehicles such as a filler, a binding agent, a disintegrator and a lubricant. 
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Such medicines are avatiable in the dosage form of an injection, a powder, a capsule, a granule, a tablet 
or an ampule. 

In the case of a tablet, a carrier is used which may be selected, for example, from a vehicle such as 
lactose, saccharose, sodium chloride, a glucose solution, starch, calcium carbonate, crystal cellulose or silicic acid; 
5 a binder such as water, ethanol, propanol, glucose, a starch solution, a gelatin solution, caraboxylmethyl cellulose, 
methyl cellulose or potassium phosphate; a dismtegrator such as dr^d starch, sodium alginate, an agar powder, 
sodium hydrogencarbonate, calcium carbonate, stearic acid monoglyceride, starch or lactose; or a lubricant such as 
a stearate, a boric acid powder or solid polyethylene glycol which is known in the art. Where it becomes desirable, 
the tablet may be sugar* or gelatin-coated, or film-coated. 

10 In the case of an injection, a diluent is used which may be selected, for example, from water, ethyl alcohol, 

propylene glycol, polyoxyethylene sorbit or a sorbitan ester. In such instance, sodium chloride, glucose or glycerine 
may be added in an amount sufficient to form an isotonic solution. A commonly used dissolving aid, a buffer, a pain 
reliever or a preserving agent may also be conveniently incorporated. 

The present piperazine derivathres can be administered singly or in combination with a chemotherapeutic 

15 agent, or with other chemotherapy such as radiation treatment. In the case of a combination of the piperazine 
derivatives and a chemotherapeutic agent such as vinblastine and adriamycin, the piperazine derivatives can be 
administered substantially contemporaneously with such a chemotherapeutic agent, so that the piperazine derivatives 
can be formed into any pharmaceutical forms uniformly with the chemotherapeutic agent. 

This invention will be described in more detail with reference to certain specific examples and test examples 

20 which are provided for purposes of illustration only and are not construed as limiting. Each tested compound was 
synthesized based on the production process explained earlier. The test examples are intended to show the 
compounds of formula i and their pharmaceuticaliy acceptable salts as exhibiting superior effects on apoptosis and 
reversal of multidrug resistance of cancer cells. 
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EXPERIMENT 1: AmNEQPl ASTIC ACTIVITY OF NC0-7D0 AND RELATED ANALOGS ALONE 



NCO-700 



Bis[Gthyl (2fl,3fl)-3-[(S)-3-niethyl-1 •{4-(2,3.4-tiimethoxyphenylmethyl) 
piperazln-1 -ylcarbonylIbutylcarbamoyOoxlran0-2K:arboxylateJ sulfate 



OMe 



OMe 



H2SO4 



TOP-008 Bistethyl <2H.3/?)-3-I(S).3.methy1-l-{4-(3-phenyl-2-prop©nyl)pipera2in-1- 
ylcaftx>nyl]butylcarbamoynoxlrane-2^rb2xylateJ sulfate 



EtOaqj o 



^CONH-^CON N 

\ f 



L 




• H2SO4 



TOP-009 



Bis[benzyl (2«,3/?)-3.[(S)-3-methyl-1 44.(3-phenyl-2-propenyl)plperazin-1 - 
ylcarbonyl]butylcarbamoyl]oxlrane-2-cartx>xylateJ sulfate 



CONH^^CON N 



H2SO4 



TOP-01 3 Bislphenyl (2a3fl)-3-[(S)-3.methyl-1 -l4-(3-phGnyl-2-propenyl)piperazin-1 - 
ylcarbonyl]butylcart)amoy«loxlrane-2-carboxylate] sulfate • 



TOP-017 



^CONH-^CON^N 




• HjSO* 



Bis[ (2/? 3fi)-2.ben2ylcarbamoyl-3-[(S)-3-methyl-l -{4-(3-phenyl-2- 
propenyl)pipera2in-l-yicarbonyl]butylcarbamoylloxiraHe] sulfate 



^CONK-^CON N 




H2S04 
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Methods 

In this experiment three different assays were utilized to measure anti-neoplastlc activity of compounds. 

1. Cancer Cell Death Assay : Cell death was measured quantitatively by the release of a marker intracellular 
enzyme, lactate dehydrogenase (LDH), from damaged or kiOed cells. LOH released mto the extracellular fluid, was 

5 measured 24 hours after drug exposure to cancer ceBs and the enzyme activity was determined by the method of 
Decker et aL U fmmunoiog Methods 1988). 

2. Cell Survival Assays : Cell survival was assayed in cultured tumor cells. From 500-1000 cells per well 
were plated in 24 welled culture dishes and exposed to drug for seven days. After drug exposure, a computerized 
cell imaging technique was utilized to ascertain the number of viable cells remaining in each culture. From the data, 

10 survival curves were plotted and a ED50 (drug concentration that permits 50% cell survival) were calculated. 

3. //7 \rivo Model / Subrenal Capsule (SRCI Tumor Implant Assav : A tumor implant model, where human 
tumors were implanted into the renal capsule of mice was performed. The tumors successfully escaped the immune 
system of the mouse and grew over a six-day period. The advantage of this assay is that the effect of 
chemotherapeutic agents can be tested in mo. This model was developed at the Unhrersity of California, Irvine by 

15 Stratton et al. (Gynocologic Oncohgy 17:185-188, 1984). Human tumors were implanted on day one and were 
exposed to drug on days two-six. The size of the implant was determined at time zero and at the end of five days 
of drug treatment, and the difference in size of the implanted tumor at day six, when compared to control animals 
not exposed to drug, is referred to herein as the deha mean. 
Cell Lines Utilized 

20 All cell lines used in the present study were obtained from the American Type Tissue Culture Laboratory 

and cultured according to their specifications. Ail were human cancer lines unless otherwise noted. The following 
cell lines and their tissue of origin used in our studies were: 





Cell Line 


Tissue 


Comnwnt 


1. 


MCF-7 


breast 


■•■ estrogen rec 


2. 


MDAMB231 


breast 


••■ estrogen rec 


3. 


T-47D 


breast 


+ estrogen rec 


4. 


HS578T 


breast 


- estrogen rec 


5. 


B16F10 


melanoma 


mouse line 


6. 


SK-Mel-2 


melanoma 




7. 


SW-626 


ovarian 




8. 


AN-3-CA 


ovarian 




9. 


HL-60 


leukemia 




10. 


Hep-129 


liver 




11. 


LS-174T 


colon 
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12. WIOR colon 

13. DU-145 prostate testosterone rec 
PC 3 prostate testosterone rec 

prostate -^testosterone rec 

Results 

1) NCO-700 and Cancer Cell Osatfa: The first assays performed measured the anti neoplastic actwity of 
NCO-700. alone, in ceO death assays of a wide variety of human cancer ceOs. The results of these experiments are 
shown in Figures 1-6, where a dose-response curve of NCO-700 versus % LOH release is plotted, with higher values 
of IDH released indicating greater enti-neoplastic acthfity. From these assays, it can be seen that |i) in breast cancer 
cens lines, the cells that were respondhig to NCO-700 were estrogen receptor negative, a trait generally associated 
with a more undifferentiated, and hence, more maHgnant tumor; (ii) in the melanoma group, all cells lines showed 
sensitivity to NCa-700; (iii) in the prostate cancer cell lines, the cell lines that were testosterone receptor negative 
(and more malignant) responded very weU to NC0.700; (iv) the colon and ovarian cancer cell lines were partly 
responsive; and (v) the leukemia and Ever cancer ceU lines did not respond to NCO-700. However, as shown in the 
experiment described later (Experiment 7), NCO-700 has significant anti neoplastic acthritiss when used in conjunction 
with a standard chemotherapeutic agent such as vinblastine and adriamycin on drug-resistant tumors, even when 
NCO-700 is not significantly effective m apoptosis of the tumors. 

2) NCO-700 Analogs and Call Death: A series of analogs related to NCO-700 were assayed in the cancer 
cell death assay. As shown in Figure 7. a number of these analogs had significant anti-neoplastic acthrity as 
measured by LDH release from HS-578T. a breast cancer cell line. When compared to NCO-700. three analogs 
showed higher potency including analogs TOP-OOB. TOP-009 and TDP-013. In particular, TOP-008 showed the 
highest potency with an approximately three fold higher kill rate of breast cancer cells than NCO-700. It should be 
stressed that these analogs were tested alone, without any added chemotherapeutic agent. 

As T0P 008 appeared to be the most potent NCO-700 analog tested to date in vitro, its anti neoplastic 
activity was examined against other cancer ceD lines. In Figure 8. a dose-response curve is shown of the effect of 
TOP-008 on the killing of breast, prostate and colon ceU lines. This analog, on its own. shows excellent activity 
against these cancer cell lines. 

3) MCO-700 and Cancer Call Survival Assay: The cancer cell survhral assay is an important additional 
in vitro assay to assess the anti neoplastic acthrity of compounds as the cells are given a prolonged exposure (seven 
days) to the drug. Figures 9-16 show the effect of increasing the dose of NC0-70D on the survival of a number 
of cancer cell lines. The survival studies confirm the results that ware obtained with the cell death assay, namely 
that NCO-700 has significant anti-neoplastic actwity. alone, against a number of human cancers (breast cancer cell 
lines T47D and HS-578T, colon cancer ceU lines LS-174T and WIOR, and prostate cancer cell lines DU-145, PC-3, 
and LN). In the figures, the vertical axis is the object area, which is the number of surviving cancer cells calculated 
by a computer. 
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4) NCO-700 Effect on Human Prostate Cancer Ceils Grown !a Vi¥o in the SRC Assay: Human cancer 
cells can be grown in the sub renal capsule of mice, where for a timited period of tffna they escaped the detection 
of the mouse's bnmune system. This assay provides a convenient system to study the effect of drugs on the growth 
of tumor cells in vivo. As this is a much more time consuming assay, and requires more drug than the in vitro 

5 assays, the effect of NCQ-700 was tested on a single prostate cancer cell line. Three groups of animals (n«23 
total) were tested with three concentrations of NC0700 including, 10 mg/kg, 20 mg/kg and 40 mg/kg. As shown 
in Figure 17, there is a does response effect of NCO-70G in decreasing the size of the tumor in the mice. Whereas 
the 10 mg/kg had no effect, there was a significant anti-neoplastic effect of NCO-700 at the 20 mg/kg and 
40 mg/kg level. At 40 mg/kg the effect of NC0700 was highly significant with a P value > 0.001 (see Figure 17). 
10 Again, the anti tumor effect was seen with NCO-700 alone without any additional drugs added and points to the 
high potential of this and related compounds as new anti-neoplastic agents. 

5) NCO-700 Effect on Human Breast Cancer Cells Grown In Vivo in the SRC Assay: The effect of 
NCO-700 on a breast cancer line was tested in the SRC assay. Three groups of animals (n*18 total) were tested 
with three concentrations of NCO-700 including, 10 mg/kg, 25 mg/kg and 50 mg/kg. As shown in Figure 18, there 

IS is a dose response effect of NC0700 in decreasing the size of the tumor in the mice. Whereas the 10 mg/kg had 
no effect, there was a significant anti-neoplastic effect of NCO-700 at the 25 mg/kg and 50 mg/kg tevet. These 
studies confirm the high potential of NCO-700 and related compounds as new antt-neoplastic agents. 

6) NCQ-700 Effect on Human Colon Cancer Cells Grown In ¥ivo in the SRC Assay: The effect of 
NCO-700 on a colon cancer line was tested in the SRC assay. Three groups of animals (n-18 total) were tested 

20 with two concentrations of NCO-700 including 50 mg/kg and 100 mg/kg. As shown in Figure 19, there is a dose 
response effect of NCO-700 in decreasing the size of the tumor in the mice. Whereas the 50 mg/kg had slight 
effect, there was a significant anti-neoplastic effect of NCO-700 at the 100 mg/kg level. These studies confirm the 
high potential of NCO-700 and related compounds as new anti-neoplastic agents. 
Conclusion 

25 Experiment 1 establishes that NCO-700, alone, is highly effective as an anti neoplastic agent versus selective 

tumors. The NCO-700 analog, TOP-008, was three fold more potent than NCO-700 in terms of anti neoplastic 
potency. The mechanism of NCO-700'$ anti neoplastic activity appears to be based on an apoptosis related 
mechanism. 
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EXPERIMENT 2: AWTI NEDPLASTIC ACTIVITY OF TOP 008 AND OTHER WCO-700 ANALOGS ALOWF 



TOP-OOl Bis[benzyl (2R3fl)-3-{(S)-3-methy«-1 -[4-{2,3,4-trimethoxyphenylmethyl) 
piperazin-1 -ylcarbonyqbutyicart)amoyl]oxirane-2-carboxylate] sulfate 



OMe 



OMe 



H2SO4 



TOp.012 Bis[3-oxo-2-benzoxolan-1.yl (2fl.3fl)-3-I(S)-3-inethyI-1-{4-{3-phenyl-2- 

propenyl)ptperazin.1 -y1cartx>ny!]butyk^amoyfloxirane-2-cartK5 sulfate 



bONH-^CON N 




HjSO^ 



TOP-01 5 Bis[ (2/7,3 /1)-2-benzyicarbamoyl-3-((S)-3-methyi-1 -I4-(2.3,4-trimethoxyphenyl 
methyl)piperazin-l -ylcarbonyljbutyicarbamoyqoxirane] sulfate 



OMe 

iCC, 



"OMo 



H2SO4 
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•29 



TOP-003 Bis[trimethylacetoxymethy1 (2R3fl)-3-KS)-3-methyl-1-t4-(2,3.4-trimetho)cy 
phenylmeihyl)pipera2jn-1-ylcartx)nyflbutylcafbamoyl]oxiran 
sulfate ^ 



OMe 



OM0 



H2SO4 



TOP-005 Btelphenyl (2fl.3fl)-3J(S)-3wnemyl-H4-(2.3.4.tri 

piperazln-l .ylcarbonyqbutylcarbamoynaxlrane-2.c^ sulfate 



OMe 



OMe 



TOP-006 Bis[5-indanyl (2R.3fl)-3-t(S)-3-methyl-1-{4-{2.3,4-trimethoxyphenylmethyl) 
piperazln-1 -ylcartx>nyiJbutylcartjamoylIoxlrane-2-carboxylate] sulfate 



OMe 



HaS04 



TOP-OlO BisI2-{2.5-clloxo-l -pyrrolidinyl)©thyl (2/?,3fl)-3-[(S)-3-methyl-1 -[4-(3-phenyl-2- 
propenyl)piperazin-1 •ylcartx3nyl]butylcait)afnoyl]oxirane-2-carboxytate] sulfate 



o 



bONH^^CON N 




H,S04 



Methods 

As described in Experiment 1, three different assays were performed to measure anti neoplastic activity of 
compounds. 
Results 

1) NCO-700 Analogs and Cancer Celt Deatit: The first assays performed measured the anti neoplastic 
activity of NCO-700 analogs in cell death assays against a number of human cancer cells. The results of these 
experiments are shown in Figures 20-25, where a bar graph indicates the activity of a particular analog as measured 
by the % LOH released, with higher values of LDH released indicating greater anti-neoplastic activity. Alt analogs 
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Wgrn tSS"*'' at a rnnrontratinn nf 9t; »/M Cpnm ........ :. i .«..,.... . .... 

— "•" "•«'-« t.oao»o, II ban uo sbbii (iidt anaid(|s 01 nuu-/uu are nighly 

selective in their anti-neoplastic activity, with soma analogs showing significantly greater aethfity than NCO-700 
itself. The analogs wSI have significant anti-nsoplastic activities when used in conjunction wrth standard 
chemotherapeutic agents on drug-resistant tumors, even when the analogs are not significantly effectwe in apoptosis 
of the tumors. 

2) TOP-008 and Cancer Cell Snrvival Assay: Figures 26-31 show the effect of increasing the dose of 
TOP-008 against a number of cancer cell lines. The survival studies confirm that TOP-OOB is a highly acthre 
anti neoplastic agent (apoptosis agent) and in some cases is much more acthre than NCO-700. For example, if the 
activity of NCO-700 and TOP-OOB are compared against the human colon cancer cell Gne WIDR (Figure 16 in 
Experiment 1 versus Figure 31) it is seen that the effective dose of TOP-OOB is much lower in this particular assay. 
EXPERIMENT 3: ANTI NEOPLASTIC ACTIVITY QP NC0 70n AMD RRLATED AMALDR.S ALONE OM PAWrBFATtf^ 
CANCER CELLS 
Methods 

As described in Experiment 1, the cancer cell death assays were performed to measure antineoplastic 
acthfity of the compounds, NCO-700, TOP-OOl, T0P003, TOP005, TOP-006. TOP-008, TOP-009, T0P010. 
TOP-012, TOP-013. TOP 015, and TOP-017. 
Cell Lines Utilized 

The fottowing cell lines were obtained from the American Type Tissue Culture Laboratory and cultured 
according to their specifications: Human pancreatic cancer ceil lines ASPC-1 and HS-766T. 
Results 

The results of the experiments are shown in Figure 32, where a bar graph indicates the activity of a 
particular analog as measured by the % LDH release stimulated by each analog for 24 hours, with higher values of 
LDH released indicating greater anti neoplastic activity. All analogs were tested at a concentration of 25 //M. From 
these assays, it can be seen that some analogs, especially TOP-OOB and TOP 009, show significantly greater actmity 
than NCO-700 itself. 

EXPERIMENT 4: COMPARISO N OF NCQ-7Q0 AND CALPAIN INHIBITOR IN CANCER CELL DFATH Ag .«; ^v 

Based on Experiment 1 above, the anti-cancer actwity of NCO-700 and Calpain inhibitor 1 
(N-acetyHeu-leu-norlBucinal, C20H37N3O4) was tested in cancer cell death assays of human cancer cell line DU-145. 
Figure 33 shows data with calpain inhibitor 1 obtained from Boehringer-lngelheim, and NCO-700. in Figure 33, 
NCO-700 is clearhr superior to the other inhibitor. At e concentration of 100 ^M. NCO-700 is almost 10-fold more 
potent. 

When an attempt of testing Calpain Inhibitor 1 in long-term assays (cell survhral assay) was made, it was 
toxic to the cells, as would be expected from its chemical structure, and the toxicity of Calpain Inhibitor 1 would 
interfere with testing this compound in cell survival assays or m vivo. 
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EXPERIMENT 5: ANTI NEOPLASTIC ACTTVITY OF NCO-700. TOP DDB. AND RELATED ANALOGS ALOME 



TOP-201 Sodium (2flS.3«5)-3-I(S)-3-niethyl-1-(4-phenylniiethyl)piperazin-1- 
yicartx>nyl]butyicarbafnoyl]oxirane-2-cait}oxylate 



TOP-202 Sodium (2flS.3flS)-3-I(5)-3-methyl-1 -[4-(4-metnoxyphenyimethyl)piperazin-1 - 
ylcartx>nynbutylcartjamoyl]oxlrane-2-carboxylate 



CONI 



TOP-203 Sodium (2a3fl)-3-[(S)-3-methyl-1 -(4-(2-pyrimidinyl)pipera2in-l ■ 
ylcarbonyl]butylcarbamoyl]oxirane-2-Garboxylate 



X ^ N=v 



^CONI 



15 
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TOP.204 Sodium (2S.3S)-3-[(S)-3-methyl-1 -{4-{2-pyrimldinyl)pipera2in- 1 - 
ylcarbonyi]butylcarbamoyl]oxirane-2-carboxylate 



TOP 



205 Bis[ethyl (2«S.3flS)-3-{(S)-3-methyM -I4-(2,3.4-trimethoxyphenylfnethvl) 
piperazin-1-yicarbonyf]butyicarbamoyl]oxir2me-2-carfooxylate] sulfate 



OMe 

s.x4^0Me 



H2SO4 



TOP-206 Bis[isobutyl (2flS.3/?S)-3-[(S)-3-methyI-1 -t4-(2,3,4-trimethoxyphenyl 

methyl)piperazin-1 -ylcarbonyflbutylcarfoamoyqo)cirane-2-carboxylate] sulfate 



OMe 



'OMe 



H2S04 



TOP-207 Potassium (2fl,3f7)-3-t(S)-3-melhyI.l -[4-(2,3.4-trimethoxyphenylmethyl) 
pipera2in-l-ylcarbonyl]butylcarfaamoyI]oxirane-2-carboxylatG 



CONh 



TOP.007 Sodium (2/?.3/7)-3-[(S)-3-methyl-1-[4-(3-phenyI-2-propenyl)pipera2in-1 
ylcarbonyl]butylcarbamoylloxirane-2-cartx>xylate 



Na02C^ .0 



^CONhr^CON N 
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Based on Experiment 1 above, the anti-cancer activity of NCO-700* TOP-008, and analogs, TQP-201, 202, 
203. 204, 205, 206, 207, and 007, was tested in cancer cell death assays of human cancer cell line HS-57BT. 
in Figures 34 (1,000 cells/weD) and 35 (1,500 cells/well), a bar graph indicates the acthfity of a particular analog 
as measured by the % LDH released (DMSO, dimethyl sulfoxide -control), with higher values of LDH released 
5 indicating greater anti neoplastic activity. All analogs were tested at a concentration of 25 //M. From these assays 
it can be seen that TOP 008 (six month old (OLD) and newly synthesized (NEW)) had very good anti-neoplastic 
activity, and TOP-206 and NCO-700 had fairly good anti-neoplastic activity. The other analogs tested also showed 
some anti cancer activity. Sulfate forms appear to exh&it better results. 
EXPERIMENT 6: ANTI NEOPLASTIC ACTIVITY OF TOP OOB IN APQPTOSIS DETECTION ASSAY 

10 Anti neoplastic activity of TOP-008 was tested using a commercially available kit, Apoptosis Detection Kit, 

from R 8i D SYSTEMS (Minnesota) in which annexin V, a member of the calcum and phospholipid binding proteins, 
is used to detect apoptosis, following the protocol recommended by the manufacturer. TOP-008 was tested at a 
concentration of 50 //M, using Human breast cancer cell line HS-578T. Cells were washed in cold PBS twice and 
resuspended in a srnall volume of 1x binding buffer. Fluorescein-labeled annexin V and propidium iodide were added 

15 to the cells. The cells expressing phosphatidylserine on the outer leaflet of cell membranes bind annexin V and cells 
with a compromised cell membrane allow propidium iodide to bind to the cellular ONA. The resulting cells when 
immediately analyzed by flow cytometry can present three potential populations of cells: live cells which will not stain 
with either fluorochrome, necrotic cells which will stain with both fluorochrome, and cells undergoing apoptosis which 
will stain only with the annexin V-FITC reagent. Analysis was performed on cytometers equipped with a single laser 

20 emitting excitation light at 488 nm. The annexin V-FITC generated signal was detected in the FITC signal detector 
(FL1). The results are shown in Figure 36 in which the vertical axis is the intensity of fluorescein emission, and the 
horizontal axis is the number of celts. Figure 36a, 36b, and 36c show normal cancer celts (control), cancer cells with 
TOP 008 (50 ^M), and cancer cells with TOP-008 (25 /Ml respectively. Figure 36 clearly shows that TOP 008 
induced apoptosis in human breast cancer cells. 

25 EXPERIMENT 7: APOPTOSIS INDUCED DNA FRAGMENTATION 

PC 3, a prostate tumor cell line, was treated with 25 // M TQP 008, 50 //M NCO-700, or water for 48 
hours. The DNA from each sample was purified by phenol extraction, and the fragmentation was resolved on an 
agarose geh As a result, both samples treated with T0P 008 and NCO-700 showed significant DNA fragmentation 
while the control (treated with water) did not. This fragmentation has been shown to be an indication of apoptosis 

30 (Jarvis et al.. Cane. Res, 1154:1707-1714, 1994, Pandey et al., Biochem, Cell BhL 72 :625-829, 1994). 
EXPERIMENT 8: ANTI-NEOPUSTIC ACTIVITY OF OTHER RELATED COMPOUNDS 
Methods 

Structures of Tested Compounds: As described above, three test assays were utilized to assess the anti- 
neoplastic activities of NCO-700, T0P OO8, TOP 009, T0P 013, TOP-017, T0P 018, TOP 019, and TOP 020. The 
35 structure of TOP-018, T0P 019, and TOP 020 are shown as follows: 
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BisI(^butyl(2/?.3^W(5J-3-mBthyHW3-phBnvi-2-propenvl)Diiierazin1. 
ylcarbonyQbutytcarbamoyQ-oxiraneZcarboxytatelsutfate 



TOP-018 



'~Bu02C / 0 



CONH 




CON N 




• H2SO4 



EtOOCsf^^K 
0 



1) 



.a 



e, 



OTs 



0 ® CI 

KOH In EtOH •<OH2C^y^ Me 



2) i-BuOH 



NMR (COCI3) 6\ 
0.89-0.96(24H, m) 
1.40-2.05(8H, m) 
2.854.40(28H, m) 
4.78-4.86(2H. m) 
6.37-6.48(2H, m) 
6.70(2H, d. y-lOHj) 
6.92-6.Sa(2H, m) 
7.25-7.33{6H. m) 
7.40-7.45(4H, m) 



0 0 H 

.O^MK^N-^ -N 



«2S04^ 



N 



N. 



.Ph 



.Ph 



H2SO4 
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10 



15 



20 



25 



Btsletbyl (2A,3/n-3-((5)-1 -{4-(l'/s/if •3-phenyl-2-propanyOpiperazin- 1 - 
ylcarbonynbiitylcarbamovQ-oxirane-2-cartioxylate|suKate 



0 EtOOC*^ H 8 



State: white amorphous 

NMR (CO3OD) 6: 
0.85(6H. t, ./-7.2Hz) 
1.2W6H, t, ./-7.2Hz) 
1.24-1.33(4H. m) 
1.54-1.62(4a m) 
2.954.1 3(2GH, m) 
3.81 14H, d, y- 7.3Hz) 
4.1 34.1 8(4H, m) 
4.694.72(2H, m) 
6.38(2H, dt,y- 15.6Hz, 7.3Hzl 
6.78(2H, d../- 15.6Hz) 
7.19-7.26(6H, m) 
7.42;7.44(4H, m) 
IR (KBr) iy„„,cm 

3435, 2964, 2937. 1747. 1851. 1448, 1275. 1203, 1120. 1028 



TOP-019 
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Bislethyl (2/7,3y?).3 IW Z2.dimBthyMWr/»7f-3-ph8nyl-2-^^^^ 
ylcarbonyllpropylcarbamoyDoxirana-2-carboxylateJ sulfate 



TOP-020 



Et02C 



4- 



1 



CONH ^ CON N 




• H2SO4 



H2S04-ac«tone 



EtOOC 



,/li^COOH 



DCC/HOSu 



OOH I 



• H2SO4 



State: white amorphous 

NMR (CO3OO) 6: 
0.90(1 8H. s) 

1.19-1.22(6H. t, J-7.2H2) 
2.974.22(20H, m) 
3.52(2H, d, 7-2HZ) 
3.72(2H, d, ^-2Hz) 
4.12-4.22<4H, m) 
4,72(2H. s) 

e.34-6.42|2H. dt, ^-IS.BHz, 7.3Hz) 
6.75-6.79I2H. d,^-15.6Hz) 
7.17-7.2B(6H, m) 
7.42-7.44<4H, m) 
IR (KBr) t/maxcm'^: 

3423. 2966. 1747, 1647, 1448. 1371, 1259. 1203. 1119, 1028. 958. 750, 694 
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Cancer Cell Death Assay: Cell death was measured quantitatively by the release of a marker tntraceliuiar 
enzyme, lactate dehydrogenase (LDH). from damaged or killed HS578-T human breast cancer cells. LDH released into 
the extracellular fhiid, was measured 24 h after drug exposure to cancer cells and the enzyme acthrtty was 
determined by the method of Decker et. al. (J Immunolog Methods 15:61-99, 1988). 
5 Cell Survwal Assays: Cell survival was assayed in cultured HS578-T human breast cancer cells. 1000 cells 

per well were plated in 24 welled culture dishes and exposed to the drug for 7 days. After drug exposure, a 
computerized cell-imaging technique was utilized to ascertain the number of viable cells remaining in each culture. 
From the data, survraal curves were plotted. 

in vivo Model / Subrenal Capsule (SRC) Tumor Implant Assay (io): A tumor implant model, where human 

10 tumors are implanted into the renal capsule of mice, was performed. The tumors successfully escape the immune 
system of the mouse and grow over a 6-day period. The advantage of this assay is that the effect of 
chemotherapeutic agents can be tested in vivo. This model was developed at the University of California, Irvine by 
Stratton et. al. (Gynecologic Oncology 17: 185-188, 1984). Human prostate tumors were implanted on day 1 and 
were exposed to the drug on days 2-8. The size of the implant was determined at time 0 and at the end of 5 days 

15 of drug treatment, and the difference In size of the implanted prostate tumor at day 6, when compared to control 
animals not exposed to the drug, is referred to as the delta mean. 
RESULTS 

Cancer Cell Death: The first assay performed measured the anti-neoplastic activity of NCO-700 analogs in cell 
death assays against HS578-T human breast cancer cells. The results of these experiments are shown in Figures 

20 3843. In each assay, the analog was tested at 5 different doses, including 1, 5, 10, 25, and 50 uM. In addition, 
some of the assays also included a 25 //M dose of TOP-008, TOP-018 and NCO-700 to permit a direct comparison 
of the potency of the new analogs with previously tested compounds. In Figures 38-43, a bar graph indicates the 
activity of a particular analog as measured by the % LDH released, with higher values of LDH released indicating 
greater anti neoplastic activity. From these assays it can be seen that the new analogs, with the exception of TOP 

25 017 and TOP-020, are all more potent in this assay than NCO-700 is. 

Cancer Cell Survival Assays: The cancer cell survival assay is an important additional in vitro assay to 
assess the anti-neoplastic acthrity of compounds as the cells are ghren a prolonged exposure (7 days) to the drug. 
Figures 44 and 45 show the effect of 1, 5, 10, 25 and 50 //M concentrations of NCO-700 analogs on the survhral 
of HS57B-T human breast cancer celts. The survival studies confirm that several of these analogs have high potency. 

30 Human Prostate Tumors Grown In Vivoi As discussed earlier, human cancer cells can be grown in the sub- 

renal capsule of mice, where for a limited period of time they escape the detection of the mouse's immune system. 
This assay provides a convenient system to study the effect of drugs on the growth of tumor cells in vivo. We 
tested the effect of the NC0*700 analogs on human prostate tumors at two different concentrations including 25 
and 50 mg of drug per kg of body weight. Each experimental group was composed of 6 anknals and if acthrity was 

35 seen at the higher dose of SOmg/kg, the lower dose (25 mg/kg) was administered. As shown in Figures 46-50, TOP- 
008, TOP-009 and TOP-017 had statistically significant effects on shrinking tumors at both the 25 mg and 50 mg/kg 
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" •**■ " «•■>»«'» «>• Miuimat uuMi lesieo. lur-ulu, iu»'-ui9 and TOP-020 did not 

show activity in this assay. The lack of activity in vjvo with TOP-OIS was particularly surprisinB, given its strong 
potency in vitro, and may reflect a bioavaiiabiBty problem for this compound. 

EXPERIMENT 9: IWDUCTIPN OF APOP TQSIS BY WCn.700 AMD TOP-DDB IN CAWCgB HFLLS AS nPTFnTFn RV 
5 CONFOCAL LASER MICROSCOPY 

This experiment confirms that the compounds of the present invention cause apoptosis in cancer cells jn yivo. 
Cancer assays were performed with human sarcoma cancer cells that were grown to a high densrty in cell cultures 
and then directly injected into the peritoneal cevity of mice. After growth of the tumor cells in the abdomen of the 
mice, the animals were treated with either NCO-700 or TOP-008. The treated cancer celts are then examined by 
10 confocal laser microscopy. This technique allows an investigation of the ordered structure of the nuclear material 
in the nucleus of the cancer cells, and gives a direct visualization of apoptosis in the cells. 
METHODS: 

Measurement of Apqptosis by Confocal laser Microscftnv i n Cancer Cells Treatad with wro.700 and TOP. 
008: The breakdown and disordering of nucleic acid within the nucleus of ceils is a hallmark of apoptosis. This 

15 phenomenon was investigated by in $itu labelling of nucleic acid (DNA and RNA) in cancer cells followed by 
visualization of the nucleic acid by confocal scanning laser microscopy ( Smith GJ et. al. J Electron Microsc Tech 
18:38-49, 1991; Kressel M and Groscurth PI. Cell Tissue Res. 278:549 561. 1994). 

Swiss-Webster mice. 20-22 g. were inoculated with 1 X 10' S-180 human sarcoma cancer cells by injection 
into the peritoneal cavity. After 48 h. to aUow the cancer cells to establish themsehres in the animals, NCO-700 or 

20 TOP-008 was administered, intraperitoneally, to the animals at a single daily dose of 2 mg per animal. The drug 
treatment was continued for 8 days at which time cancer ceils were isolated from the animals end subjected to 
scanning confocal laser microscopy as detailed in the two references cHed above. Additional experiments were also 
performed with the inbred black mouse, c57BL/6J (Jackson Labs). 

Cancer cells were stained with acridine orange prior to confocal microscopy. Acridine orange is a dye which 

25 specifically stains nucleic acid and is fluorescent after it combines with nucleic acid. The fluorescence distribution 
can be plotted for tndhridual cancer cells and the color values shown on each figure reflect the integrity of the DNA, 
with the highest vahies (white color) indicating compacted, highly-ordered nucleic acid, typical of healthy cells, and 
lower values of color indicative of less compacted, disordered DNA, characteristic of apoptosis, where DNA 
fragmentation is occurring (Kressel M and Groscurth PL Cell Tissue Res. 228:549-561. 1994). Microscopy was 

30 performed with a Meridian Instruments (Okemos, Ml) Leser Scanning Confocal Microscope. 

Cancer Cell Dyflth A^say: Selected compounds were meesured in the cell death assay including TOP-006, 
calpain inhibitor 1 and N-Cbz-Leu-Leu-Tyr diazomethyl ketone mehamkal and Bmphysical Research Communications 
VoL 214, No. 3. September 25, 1995. pp.1 130-1137). Cell death was measured quantitathfely by the release of a 
marker intracellular enzyme, lactate dehydrogenase (LDH), from damaged or kHIed HS578-T human breast cancer cells. 

35 LDH released into the extracellular fluid, was measured 24 h after drug exposure to cancer cells and the enzyme 
activity was determined by the method of Decker et. aL (J Immunolog Methods 15:61-99. 1988). 
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RESULTS: 

Cancer Cell Death Assav : The anti-neoplastic activity of TOP 008 (TOP), calpain inhibitor 1 (CAL.l) and N Cbz- 
Leu Leu-Tyr diazomethyl ketone (N CBZ) was measured in ceil death assays against HS578-T human breast cancer 
cells. The results of this experiment are shown in Figure 51. In this assay, the compounds were tested at the 
5 concentrations listed on the figure with the amounts ghren in /iM quantities, in Figure 51, a bar graph indicates the 
activity of a particular compound as measured by the % LOH released, with higher values of LOH released indicating 
greater anti-neoplastic activity. From these assays it can be seen that all compounds tested had antineoplastic 
activity, with TOP 008 being the most potent. N CBZ precipitated in the cultures at the highest concentration tested 
(50 //M). Although N CBZ killed cancer ceDs to a certain degree, the mechanism whereby N CBZ killed cancer cells 

1 0 may reflect toxicity to the cells. 

Measurement of A poptosis bv Confocal Laser MicroscoDv in Cancer Cells Treated with NCO'700 and TOP- 
008: Treatment for 8 days with ehher TOP-008 or NCO-700 (2 mg/day; IP injection) of mice bearing human 
sarcomas in their peritoneum resulted in a significant decrease in the tumor burden in the animals. Representative 
photographs of the animals are shown in Figures 52 and 53. Figure 52 shows Swiss-Webster mice implanted with 

15 S-180 human sarcoma cells. The swelling of the abdomen in the control animals is readily apparent, indicating the 
large tumor burden in those animals. Those animals treated with either NCO-700 or TOP-008 show a much reduced 
tumor burden. Similar results can be seen in Figure 53, where the black mouse, C57BL/6J, has been treated with 
the same doses of the two drugs. In this species of mouse, NCO-700 appeared more potent in reducing the tumor 
burden in the peritoneum. 

20 At the end of 8 days peritoneal fluid was removed from animals and tumor cells in the fluid were stained 

with acridine orange (0.01%) and subjected to confocal laser microscopy. Figures 54-56 show representative scans 
through single cancer cells obtained from control and drug-treated Swiss-Webster mice implanted with S-180 human 
sarcoma cells. Figure 54 is a typical cell from the control animals, and the bright, spherical staining of nucleic acid 
in the nuclear compartment indicates highly ordered nuclear material, tndicath/e of a healthy, dividing cell. In contrast 

25 as shown in Figures 55 and 56, which show typical cancer cells removed from the NC0-700 (Figure 55|, and the 
TOP 00B-(Figure 56) treated animals, the nuclear material in these cells is lobular, disordered and typical of cells 
undergoing programmed cell death or apoptosis. 

Confocal laser microscopy can also compute the relative quantities of highly ordered nuclear material, typical 
of healthy cells, and compare it to the quantities of less ordered nuclear material in the celt, which is characteristic 

30 of cells undergoing apoptosis. Figures 57-59 show such a nucleic acid fluorescence distribution in cells removed from 
the same animals as in F^ures 54-56. In control animals (Figure 57), there is a relatively high percentage of highly 
ordered nucleic acid (DNA and RNA) in tumors cells removed from these animals. The highly ordered DNA has a high 
color value, and can be seen as the white "frosting" on top of the fluorescence distribution (cake-like figure) in Figure 
57. In contrast, the highly ordered DNA is significantly reduced in animals exposed to NCO-700 (Figure 58), and 

35 absent from animals exposed to TOP 008 (Figure 59). These results indicate that apoptosis is occurring in cancer 
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CctiS iSOiaicu ifuiTi uiuy-iraaigu arilmals and confirnis apopiosls as the ukgiy mechanism of ihe anti-cancer effects 
of NCO-700 and TOP OOS. 

EXPERIMENT 10 (COMPARATIVE EXAMPLE): ANTI NEOPLASTIC ACTIVITY OF REUTEO COMPOUNDS 
Methods 

Structures of Tested Compounds: In the same manner as describad above, the cancer ceO death assay, 
wherein the breast cancer cell line HS578T (one of the most sensithfe ceD foes) was used, was utilized to assess 
the anti-neoplastic acthrities of TOP-101 through TOP-115 (WO9630378, W096303541 as compared with NC0 700 
and TOP-008. The structures of these compounds are as follows: 



10 



15 



20 



NaO 




TOP-101 



Sodium (2^,3/?)-3.IW5).3.mBthyl-1-phenylbutylcarb8iiioyl]oxirane-2- 
carboxylate 



NaO 




TOP-102 



Sodium (25:35).3.diphenylmethylcarbamoyloxtrane-2 carboxvlate 



NaO 




TOP-103 




TOP-104 



Ethyl (25,3S)-3 diphenylcarbamoyloxirana-2-carhoxylate 



EtHN 




TOP-105 



(25,35)-3Diphenylmethylcarbainoyl-2-ethylcarbainoyloxirane 
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-41- 



NaO^O 



HO^II 
O 




TOP-106 



|4-{(25,35)-3-Diphenylmethylcarbamoyloxirane-2carbonylJ-1 
piperazinyl]iiiethylenebisphosphonic acid disodium salt 



0 




TOP-107 



[4-[>V-I(2S*,3^)-3DiphBnhylmethylcarbamoyloxirane-2 
carbonyl)glycyl)oxypiperidy]methylenebi$phosphonic acid disodium salt 



HO. 




TOP- 108 



[4-({ 2^.3^)- 30 iphenylme thy Icarbamoyloxi rana-2-car bony I]- 
oxypiperidyllmethylenebisphosphonic acid disodium salt 



HO 
NaO 



0 ^ ^KyS^^j 

0 



V 




TOP-109 



[4-l/V-l(25,35)-3-Diphenylniethylcarbamoyloxirane-2-carbonyllolYCYll-1 
piperazinyllmethylenebisphosphonic acid disodium salt 



0 OH 
f-ONa 




TOP-110 



I4-l/l^-[(2.y,35)-3-Ethoxycarbonyloxirane-2-carbonyl]Lleucyll-1- 
piperazinynmethylenebisphosponic acid disodium salt 
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n A "^i" TOP-111 

0^^>'k^X-Nr~^N/ t4-fl'-H25.35)-3.Carboxyoxifane-2. 

jT^ h o ^ — ' )p-ONo carbonyll-Lleucyl)-1- 

(/ \m piperazinyljmethylenebisphosphonic acid trisodium salt 



Na< 

0 



0 bH 

[4.I^[(2WS)-3-Ethoxycarbonyloxirane-2-carbonylHleucylL.|eucyl]V 
piperazmyljmethylenebisphosphonic acid disodium salt 

0 A 0 0 ^" TOP-113 

10 NoO^^Z^^k^ A^H^N^ ^P^ONa [3-f4 W{(2J,3^).3-Carboxyoxirane-2.carbonyl] 

1^ H 8 -L-jeucylM.piperazinyl].3.oxoJpropanelJ 




^P-ONa -bisphosphonic acid trisodium salt 
0 OH 

TOP-IU 



l4.iyV-((2^,35')-3-Carboxyoxirane-2-carbonyll 

-L-leucyl L leucyll-l- piperazinylj TOP-115 
mathylenebisphosponic acid ^ o j° 
trisodium salt 

HO^ 



NaO V (4-l(25,35)-2-[|5)-3-MBthyl-1-(3.methylbutylcarbamayI)butyl-carb 

Na0^i% 2-carbonylloxypiperidyl]methvlene-bisphosphonic acid disodium salt 
20 Results oh" 

The anti neoplastic activity of NCO-700 analogs in celt death assays using breast cancer cells is shown in 

Figure 60, where a bar graph indicates the actnrtty of a particular analog as measured by the % LDH released, with 

higher values of LOH released indicatmg greater anti-neoplastic activity. All analogs were tested at a concentration 

of 25 //M. From these assays it can be seen that NCO-700 and the analog TOP-008 had good anti neoplastic 

25 activity, as reported above. Of the other analogs tested, only TOP-104 showed some anti-cancer activity, but it was 

comparatWely weak. 

EXPERIMENT 11: MULTIDRUG RESISTANCE-REVERSING EFFECT OF NCO-700 IN HUMAN NEOPLASMS 

The foregoing experiments have established the new aspect of the piperazine derivatives of the present 
invention, apoptosis, i.e., the derivatives are highly effective alone as an anti-neoplastic agent. The following 
30 experiment is an example which shows that the piperazine derivatives have significant anti-neoplastic activities when 
used in conjunction with standard chemotherapeutic agents such as vinblastine and adriamycin on drug-resistant 
tumors, even when the compounds are not significantly effective in apoptosis of certain cancer lines. 
Methods and Results 

In this Experiment, four different assays were utilized to measure the ability of NC0-70Q to block or reverse 
35 the drug-resistant phenotype of cancer cells or tumors. These assays include: 
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1. DruQ Accumulation Assays , where the effect of NCO-700 on the uptake of radioacthfe (^HKvinblastine, 
an anticancer drug, h measured in cultured cancer cells, that are both drug-resistant and drug-sensitive (Reference 
3). 

2. Cell Survival Assays, where the effect of NCO-700 to enhance cancer cell killing by vinblastine was 
measured. 

3. //> l^o Model of Tumoriaenicitv, where the effect of NCO-700 in the ability of adriamycin to reduce 
tumor mass in drug-resistant neoplasms was measured. 

Cell Lines Utilized 

In the first two m vitro assays, the drug accumulation assay and the cell survival assay, a human 
pharyngeal carcinoma cell line (KB-V-1) which is highly resistant to anticancer drugs was used. This cell line was 
developed by Drs. Ira Pastan and Michael Gottesman of the National Cancer Institute, by step-wise selection in 
colchicine of drug-resistant celts. The control cancer ceH line (KB-3), from which the resistant cell lines were derhred, 
is sensitive to anticancer drugs. The resistant KB-V-1 cell line is approximately 275 tones more resistant to 
vinblastine than the sensitive KB-3 line and has a greatly ampGfied mdr gene which generates the observed 
resistance. 

For the in vivo model of tumorigenicity, cell lines developed by Pastan and Gottesman which can grow as 
solid tumors in nude mice were utilized. This cell line was designated KB-CH 8-5, and was a nonreverting resistant 
cell line. All of these cancer cell lines were generously provided by Dr. Gottesman. 

Table 2 below summarizes results obtained in the drug accumulation assay. Measurement of 
I'^Hl-vinblastine accumulation was performed by the methods developed in the laboratory of Drs. Gottesman and 
Pastan (Fojo et al., Cancer Res. 45:3002-3007, 1985). In this method, KB-V-1 and KB-3 cells were plated in 10% 
fetal bovine serum at a density of 3 x 10^ cells per well in 24-well Costar plates. The next day, the growth medium 
was replaced with Oulbecco's modified Eagle's medium with or without (control cells) 20 //M fiCO-700. After ten 
minutes, the medium was removed and replaced with assay medium (0.5 ml) containing 0.1 //Ci, (13 pmol) 
[ Hl-vinblastine in the presence or absence of 20 /iM NCO-700. After an additional 30 min, the medium was 
removed, the plates were washed three times in ice-cold phosphate-buffered saline, the cells were detached with 
trypsin, and radioacthrity determined by scintillation counting. 
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T«DIC t 

NCO.700 STIMULATES THE ACCUMULATION OF 
VINBLASTINE IN RESISTANT HUMAN CANCER CELLS 



DRUG ACCUM ULATION (nmnie vinblastmB/mQ nrntein) 

KBVI KB.3 
(resistant cells) (sensitive cells) 



CONTROL (vinblastine alone) 0.29 ± 0.03 2.99 ± 0.12 

10 20/iM NCO-700 + vinblastine 1.56 ± 0.03 3.17 ± 0.09 

As shown in Table 2 above, the accumulation of the anticancer drug, vinblastine, was severely restricted 
in the drug-resistant cell line, KB V-I, due to the action of the mdr pump. However, when this cell line was exposed 
to 20 /AA NCO-700, there was a 5-fold increase in the amount of vtnblastme that remained in the cancer cell. As 
15 shown in Table 3 below, this leads to an enhanced Icil&ig of the drug-resistant cells. 

TABLE 3 

HCO-700 INCREASES THE KILLING OF 
RESISTANT CANCER CELLS BY VINBLASTINE 

20 

CEI-l- LINE VINBLASTINE (no) to kill 50% of call?; 



KB-3 (senstthre) 3 2 

+ 25//M NCO-700 l^g 

KBV-1 (resistant) 792 

25 ^ 25 jjM NCO-700 148 



The cell survival experiments shown above were performed by plating KB.3 (sensitive) and KB-V-1 (resistant) 
cells in 32 mm well plastic dishes at a cell density of 300-500 cells per well. Vinblastine and NCO-700 were added 
16 hours after the initial ceB platmg. After 10 days of incubation at 37**, cell colonies were stained and counted. 

As shown in Table 3, there was a dramatic effect of NCO-700 on the survival of KB-V-1 resistant cancer 
cells. The levels of vinblastine needed to kill 50% of the tumor cells dropped from 825 ng to 160 ng of vinblastine 
when the resistant cells were co incubated with 30 //M NCG.700. This effect reflects inhibition or blocking of the 
mdr pump, resulting in increased levels of anticancer drug in the cell. Interestingly, in this Experiment, there was 
also a slight enhancement of the killing of sensithre KB.3 cells as well. 

In the next series of experiments, an in vivo model of tumorigenicity was utilized to examine the effect of 
NCO-700 on tumor mass. These experiments were performed with the cell line KB-CH-8/5, which is a cell line 
developed by Ors. Gottesman and Pastan, specifically for use in animals as the celts from solid tumors in vivo. Nude 
male mice, 5 6 weeks old and weighing between 25-30 g, were oijected subcutaneously with 2-5 x 1(^ KB CH-B/S 
cells and treated for 14 days with 0.6 mg/kg adriamycin and with or without NC0700 in doses ranging from 0-80 
mg/kg NCO-700 per day. The data shown in Figure 37 were obtained by weighing the well-encapsulated, excised 
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tumor and recording the body weight of the mice. Clearly shown in Figure 37, the addition of NCO-700 significantly 

potentiated the effect of adriamycin, especially at an amount of 40 mg/kg or more. 

Conclusion 

NC 0-700 stimulated by 5-fold the accumulation of the anticancer drug, vinblastine, in human carcinoma cell 
5 lines. This resulted in a highly significant increase in the kDling of these cancer cells. When NCO-700 was 
administered with adriamycin to nude mice carrying resistant human tumors (KB-CH 8-5), there was a decline, by 
60%, of tumor mass without any corresponding loss of body weight, although NCO-700 was not significantly 
effective on its own. 

The above experiment is an example which shows that the piperazine derivatwes have significant 
10 anti neoplastic activities when used in conjunction with standard chemotherapeutic agents such as vinblastine and 
adriamycin on drug-resistant tumors, even when the compounds are not significantly effective in apoptosis of certain 
cancer lines. Thus, as a clinical trial, first, a compound of the present piperazine derivathres is administered as a 
primary chemotherapeutic agent to a patient having cancer (irrespecthre of the existence of muhidrug resistance), 
and when the compound does not appear to be effective on its own, another chemotherapy is additionally conducted 
1 5 as adjunctwe therapy, e.g., the administration of other chemotherapeutic agents substantially contemporaneously with 
the present piperazine derivatives. 

In addition, a medicament of the present invention can be used for treating cells such as proliferative or 
precancerous cells including hyperkeratosis of the skin, psoriasis, benign hyperplasias of the breast and prostate, 
Hodgkin's disease and other lymphomas, leukemias, and polyposis of the colon. 
20 't will be understood by those of skill in the art that numerous variations and modifications can be made 

without departing from the spirit of the present invention. Therefore, it should be clearly understood that the forms 
of the present invention are illustrathfe only and are not intended to limit the scope of the present invention. 
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WHAT IS CLAIMED IS: 

1. Use of a compound of fonnula I or a pharmaceutically acceptable salt thereof in the preparation 
of a medicament for inducing cell death in proliferative, precancerous, or neoplastic cells: 



5 




10 

where is hydroxyl, CM alkoxyl. C1-4 alkylcarbonyloxymethoxyl, phenyl Cl-2 alkyiamino group. 
ZS-pyrrolidinednne-l-alkoxyl (CI -4), or 



15 




20 

wherein is a chemical bond or Cl-2 alkylene, is hydrogen or carboxyl forming a S membered ring 
with X^ when x' is methylene. X^ is hydrogen or Cl-2 alkyi, X* is hydrogen or 01-2 alkyl. or X^ and X^ 
together form a 5-membered rmg. in which at least one of X^. X^ and X^ is hydrogen, 
is C3-4 alkyl, R^ is C14 alkyl, 

25 



30 




35 in which n is an integer of 0 to 3. 
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2. Use according to Claim 1, wherein said compound is of the following formula: 




where is selected from the group consisting of: 

10 

0 

C2H5O- ; <QhCH20- : r?,-(CH2)20- ; 



C4H9O- : 



20 




Rg is selected from the group consisting of •(CH2)2CH3, -CH2CH<CH3)2, and •C(CH3)3. 
25 3. Use according to Claim 1, wherein said compound is of the foliowing formula: 



30 
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C2H5O- : ^^>-CH20- : N-(CH2)20- : 



C4H9O- : 



0 

II 



(CH3)3CC0CH20- ; 





0 : <Q-0- ; 



0- 



^ ^ . ond ^ y -CH2NH- ; and 



Rg is selected from the group consisting of •{CH2J2CH3, -CHjCHfCHjlj, and -CCCHglg. 

4. Use according to Clami 1, wherein said compound is in the form of sulfate. 

5. Use according to Claim 1, wherein said neoplastic ceUs to be treated are selected from the group 
consisting of human breast cancer cells, human melanoma cells, human ovarian cancer cells, human colon cancer 
cells, human pancreatic cancer cells, and human prostate cancer cells. 

6. Use according to Claim 1, wherein said neoplastic cells to be treated are undifferentiated cancer 

cells. 

7. Use according to Claim 1, wherein said neoplastic ceUs to be treated carry an actwe mdr gene. 
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8. Use of a compound of formula I or a pharmaceuticaOy acceptable salt thereof in the preparation 
of a medicament for potentiating chemotherapy to treat multtdrug-resistant neoplastic cells: 




R^OC 



where Js hydroxy!, CM alkoxyl C14 alkylcarbonyloxymethoxyl phenyl C1-2 alkylammo group, 
2,5*pyrrolidinediane-Valkoxyl (C1-4K or 




15 wherein is a chemical bond or CI -2 alkylane, is hydrogen or carboxyl forming a 5-membered ring 

with X^ when X^ is methytene, X^ is hydrogen or CI -2 alkyi, X^ is hydrogen or CI -2 alky I, or X^ and X^ 
together form a 5-membered ring, in which at least one of x\ X^, and X^ is hydrogen, 
is C34 alky I, is CM alkyI, 



20 -CH . /~\ 




"CH2^CH=CH-y~\ 
(0CH3)„ \=/ 



in which n is an integer of 0 to 3. 

9. Use according to Clabn 8, wherein said chemotherapy is the administration of at least vmblastine 
30 or adriamycin. 
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10. Use according to Claim 8, wherein said compound is of the foDowing formnja: 




where is selected from the group consisting of: 



0 




Rg is selected from the group consisting of -(CH2)2CH3, •CH2CH(CH3)2, and CICHglg. 
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11. Use according to Claim 8, wherein said compound is of the following fonmila: 




CONH 



R^OC 



where R is selected from the group consisting of: 




CON N 




10 



15 



C4H9O- : 



(CH3)3CC0CH20- ; 



20 




and 




CH2O- ; I Jjl-(CH2)20- : 

d 




CH2NH- ; and 



25 



Rg is selected from the group consisting of -(CH2)2CH3, -CH2CH(CH3)2r and -C(CH3)3. 

12. Use according to Claim 8, wherein said compound is in the form of sulfate. 

13. Use accordmg to Claim 8, wherein said neoplastic cells to be treated are selected from the group 
consisting of human breast cancer cells, human melanoma cells, human ovarian cancer cells, human colon cancer 
ceHs, human pancreatic cancer cells, and human prostate cancer cells. 

14. Use accordmg to Ctavn 8, wherein said neoplastic cells to be treated are undifferentiated cancer 

cells. 

1 5. Use according to Claim 8, wherein said neoplastic cells to be treated carry an acthre mdr gene. 



30 
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Effect of NCO-700 on SW~626 & AN-3-CA 
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2/60 



Effect of NCO-700 on B16F10 & SK-Mel-2 
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3/60 



Effect of NCO-700 on SK-Mel-2 
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